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INTRODUCTION. 



Althoxtgh " The South Kensington Museum" now takes the lead^ and 
surpasses all former scientific institutions by its vastly superior collec- 
tion of models and works of art, there will be doubtless many thousand 
young people who may remember (it is hoped) with some pleasure the 
numerous popular lectures, illustrated with an abundance of interesting 
and brilliant experiments, which have been delivered within the walls of 
the Royal Polytechnic Institution during the last twenty y^ars. 

On many occasions the author has received from his young friends 
letters, containing all sorts of inquiries respecting the mode pf performing 
experiments, and ^ it has frequently occurred that even some years 
after a lecture had been discontinued, the youth, now become the young 
man, and anxious to impart knowledge to some "home circle" or 
country scientific institution, would write a special letter referring to a 
particular experiment, and wish to know how it was performed. 

The following illustrated pages must be regarded as a series of philo- 
sophical experiments detailed in such a manner that any young person 
may perform them with the greatest facility. The author has endea- 
voured to arrange the manipulations in a methodical, simple, and popular 
form, and will indeed be rewarded if these experiments should arouse 
dormant talent in any of the rising generation, and lead them on 
gradually from the easy reading of the present ** Bo/s Book," to the 
study of the complete and perfect philosophical works of Leopold 
Gmelin, Faraday, Brande, Graham, Turner, and Fownes. 

Every boy should ride " a hobby-horse" of some kind ; and whilst 
play, and plenty of it, must be his daily right in holiday time, he ought 
not to forget that the cultivation of some branch of the useful Arts and 
Sciences will afEbrd him a delightful and profitable recreation when 
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2 INTRODUCTION, 

satiated with mere play, or imprisoned by bad weather, or gloomy with 

. the nnamnsed tediousness of a long winter's evening. 

The author recollects with pleasure the half-holidays he used to devote 
to Chemistry, with some other King's College lads, and in spite of 
terrible pecuniary losses in retorts, bottles, and jars, the most delightful 
amusement was enjoyed by all who attended and assisted at these 
juvenile. philosophical meetings. 

// It has been well remarked by a clever author, that bees are geome- 
tricians. The cells are so constructed as, with the least quantity of 
material, to have the largest sized spaces and the least possible interstices. 
The mole is a meteorologist. The bird called the nine-killer is an arith- 
metician, abo the crow, the wild turkey, and some other birds. The 
torpedo, the ray, and the electric eel are electricians. The nautilus is 
a navigator. He raises and lowers his sails, casts and weighs anchor, 
and performs nautical feats. T^liole tribes of birds are musicians. The 
beaver is an architect, builder, and wood-cutter. He cuts down trees 
and erects houses and dams. The marmot is a civil engineer. He docs 
not only build houses, but constructs aqueducts, and drains to keep 
them dry. The ant maintains a regular standing army. Wasps are 
paper manufacturers. Caterpillars are silk-spinners. The squirrel is a 
ferryman. With a chip or a piece of bark for a boat, and his tail for a 
sail, he crosses a stream. Bogs, wolves, jackals, and many others, are 
hunters. The black boar and heron are fishermen. The ants are day- 
labourers. The monkey is a rope dancer. Shall it, then, be said that any 
i)oy possessing the Grodlike attributes of Mind and Thought with Free- 
will can only eat, drink^ sleep, and play, and is therefore lower in the 
scale of usefulness than these poor birds, beasts, fishes, and insects P 
No ! no ! Let '' Young England" enjoy his manly sports and pastimes, 
but let him not forget the mental race he has to run with the educated 
of his own and of other nations ; let him nourish the desire for the 
acquisition of " scientific knowledge," not as a mere school lesson, but 
as a treasure, a useful ally which may some day help him in a greater or 
lesser degree to fight " The Battle of Life.** ' ' 
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CHAPTER I. 

THE PEOPBETDBS OP MATTER— IMPENETBABIIITY. 

In the present state of our knowledge it seems to be universallj agreed, 
that we cannot properly commence even popnlar discussions on astro- 
nomy, mechanics, and chemistry, or on the imponderables, heat, light, 
electricity, and ma^etism, without a definition of the general term 
"matter;" which is an expression applied by philosophers to every 
species of substance capable of occupying space, and, therefore, to 
everything which can be seen and felt. 

Tne sun, the moon, the earth, and other planets, rocks, earths, metals, 
glass, wool, oils, water, alcohol, air, steam, and hosts of things, both 
great and small, all solids, liquids and gases, are included under the 
comprehensive term matter. Such a numerous and varied collection of 
bodies must necessarily have certain qualities, peculiarities, or properties; 
and hence we come in the first place to consider "The general powers 
or properties of matter." Thus, if we place a block of wood or stone in 
any position, we cannot take another substance and put it in the space 
filied by the wood or stone, until the latter be removed. Now this is 
one of the first and most simple of the properties of matter, and is called 
impenetrability, hems the property possessed by all solid, liquid, and 
gaseous bodies, of filling a space to the exclusion of others untu they be 
removed, and it admits of many amusing illustrations, both as regards 
the proof and modification of the property. 

Thus, a block of wood fills a certam space: how is it (if impenetrable) 
that we can drive a nail into i^P A few experiments will enable us to 
answer this question. 

Into a glass (as depicted at &g. 1) filled with spirits of wine, a quantity 
of cotton wool many times the bulk of the alcohol may (if the experiment 
is carefully performed) be pushed without causing a drop to overflow 
the sides of the vessel. 

Here we seem to have a direct contradiction of the simple and indis- 
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Kg.1. 

putablB tnitli, that " two things cannot ooeupj the satne apace at once," 

But let 09 proceed trith our experiments ; — 

We have now a flask full ot water, 
J and taking some Tety finely-powdered 
Bogar, it IS easy to mtroduce a not- 
able quantity of that snbstance with- 
ont increasing the bulk ot the water ; 
the only precaution necessary, is not 
to allow the sngar to fall into the 
flask in a mass, but to drop it in 

Eiin bj[ grain, and Terf slowly, ai- 
ding time for the air-bubbles (which 
will cuQg to the particles of sugar) 
to pass off, and for the sugar to dis- 
solve. Matter, in the experiments 
adduced, appears to be penetrable, 

- ', — ,. ._ _ and the property of impenetrability 

~ ~=^^— ' ■ — --"^ seems only to be ft creation of fancy : 

Fig. 2. reason, however, enables ns to say 

that the latter is not the case. 

A, nail may certainly be hammered into wood, but the particles are 

tAnut aiide to allow it to enter. Cotton wool may be placed in spirits 

of wine because it is simply greatly extended and bulky matter, which, 

ir oompiessed, might only occupy the space of the kernel of a not, and 
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if tliis were dropped into a half-pint measnre full of alcohol, the increase 
of bulk would not cause the spirit to oTerflow. The cotton-wQoi expe- 
riment is therefore no contradiction of impfnetrabitilg. The eipcri- 
ment n'ith the sugur is the most troublesome opponent to our term, and 
obliges us to amend and qualify the original definition, and sa;, that the 
ultimate or smallest particles or atoms of bodies only are impenetrable ; 
and we mav believe thej are not in dose contact with each other, because 
certain bulks of sugar and water occupy more space separately thau 
when mixed. 



Fig. 3. 

If we compare the fiask of water to a flask full of mubles, and the 

sugar to some rape-seed, it will be evident that we may almost ponr 
another flask full of the latter amount the marbles, because they are not 
in close contact with each other, but have spaces between them ; and 
after pouring in the rape-seed, we might still And room for some fine 

The particles of one body may thus enter into the spaces left between 
those 01 another without increasing its Tolnme ; and nence, as has been 
before stated, "The atoms only of^bodies are truly impenetrable." 

This spreading, as it were, of matter through matter assumes a very 
important function when we come to ecamlne the constitution of the 
air we breathe, which is chiefly a mechanical mixture of gases: seveaty- 
nine parts by volume or measure of nitrogen gas, twentj.one parts of 
oxygen g^, and four parts of carbonic acid vapour in ever; ten thousand 
ports of ait baring the foUowing relations as to we^ht : — 

Specific gnvilf . 

Nitrf^en 97! 

Oxygen 1106 

Carbonioacid 152i 

It might be expected that these gases would arrange themselves in 
onr atmosphere in the above order, and if that were the case, we should 
have the carbonic-acid gat (a most poisonous one) at the bottom, and 
tonching the earth, then the oxygen, and, last of all, the nitrogen ; a 
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Btate of tilings in which oraanizerf life could not exist. TliD gases do not, 
however, separate : indeeiJ, they seem to act &s it were lite vaettumi to 
one another, and " the diffusion of gases" has become a 
recognised fact, governed by filed laws. This fact is 
cnriouslj' illustrated, as shown in our cnt, bv filling a 
bottle with carbonic acid, and another with hydrogen ; 
and hnving pievioiisly fitted corks to the bottles, perfo- 
rated so as to admit a tube, place the bottle containing 
the carbonic acid on the table, then take the other full 
of hydrogen, keeping the mouth downwards, and fit in 
the cork and tube : place this finaEy into the cork of 
the ewbonic-acid bottle, which may be a littls larger than 
the other, in order to make the arrangement stand firmer; 
and after leaving them for an hour or so, the carbonic 
acid, which is twenty-two timea heavier than the hydro- 
gen, will ascend to the latter, whilst the hydrogen will 
descend to the carbonic acid. The presence of the car- 
bonic acid in the hydrogen 
bottle is easily proved by 
pouring in a wineglassfnl 
of clear lime-water, which 
speedily becomes milky, 
owing to the production of 
carbonate of lime; whilst 
the proof of the hydrogen 
being present in the car- 
bonic acid is established 
by absorbing the latter 
with a little creatn of lime 
e., slacked lime mised 
to the consistence of cream 
I with some water — and set- 
I ting fire to the hvdrt^en 
I that remains, which bums 
I quietly with a yellowish 
I name if unmixed with air; 
I but if air be admitted to 
I the bottle, the mixture of 
r and hydrogea infiomes 
rapidly, and with some 
Flf.4, noise. One of the most i 

elegant modes of showing 
the diffuaion of gases is by taking a laree F'k- 6. 

toond dry porous cell, such as would bo *. The pon™ cell. ■. The j«f 
.n,plo,e/in.ToIMob.lli»j,^a h.vi.g ffl'Sri "tS'iTJMSiSJ 
cemented a brass cap with a glass tube dipi hits the tmnbieT contnlnine 
attached to its open eiLtremity, it may then thoiointUmotinateo*. »»-The 

i _» J J i - II ^ J > ■ wjTfl and ■land gupporUntr the 

be sapported by a small tnpod of iron porom wU uhi tube mtmnbior. 
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Tire, imd the end of the glaas tube placed in a tambler contamiiie a 
small quaotitf of water coloared bine with sulphate of indigo. U a 
tolerablT large jar coutaining hydrogen is now placed over the porons 
eel], bubbles of gas mate their escape at the end of the tube, because 
the hrdro^n diSuscs itself more rapidlj into the porous cell than the 
sir which it already contuns passes out. When the jar is removed, the 
reverse occors, hjorogen digues ont of the porous cell, and the bine 
liqiud rises in the tube. 

This diffusive force prevents the accumnlation of the various noxious 
gases on the earth, and spreads them rapidly through the great bulk of 
the atmosphere surrounding the ^obe. 

Although air and other gases are invisible, they possess the property 
of impenetrability, as may be easilv proved by various experiments. 
Having opened a pair of common bellows, stop up the nozzle securely, 
and it is then impossible to shut them ; or, nil a bladder with air by 
blowing into it, and tie a string fast round the neck ; you then Snd that 
yon cannot, without breaking the bladder, press the sides together. 

It is customary to say that a vessel is empty when we have poured out 
the water which it contained. Having provided two glass vessels fall 
of water, place each of them in an empty white pan, to receive the orei- 



Ing. u the Elua,wlth the orlBn dii«d, FlfT- V. Ths or.iDE« bu «itncd the 

li preued dnwn, ptoilng the Impeoe- glM> leac!. mi the air having poiwd 

tnUlitj of air. from the orifice, no witer overBom. 

flow, then lay an orange upon the surface of the water of one of them, 
and being provided with a cylindrical glass, opea at oue end, with a 
hole in the centre of the closed end, place your finger firmly over the 
orifice, and endeavour, by inverting the glass over the orange, and 
pressing upon the surface of the water, to make it enter the mterior 
of the3ass cylinder ; the resistance of the air will now cause the water 
to oveSow into the white pan, whilst the orange will not enter. The 
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orange may now be transferred to the other vessel of water, and on 
removing the finger from the orifice of the cylindrical glass, and in- 
verting it as before over the orange, the air will rush out and the orange 
and water will enter, whilst there will be no overflow as in the preceding 
experiment. The comparison of the two is very striking, and at once 
teaches the fact desired. 

Whilst the vessels of water are still in use, another pretty experiment 
may be made with the metal potassium. First throw a small piece of 
the metal on the surface of the water, to show that it takes fire on con- 
tact with that fluid; then, having provided a gas-jar, fitted with a cap 





Fig. 8. Gas-jar with stop-stock closed, 
and potassiam in ladle ; air prevents the 
entrance of the water. 



Fig[. 9. Gas-jar; stop-oockopen; 
the air passes, the water enters, and 
the potassium is inflamed. 



and stop-cock, and a little spoon screwed into the bottom of the stop- 
cock inside the gas-jar, place another piece of potassium in the little 
spoon, and, after closing the stop-cock, push the jar into one of the 
vessels of water : as before, the impenetrability of the air prevents the 
water flowing up to the potassium ; but, on opening the stop-cock, the 
air escapes, the water rushes up, and directly it touches the potassium, 
combustion ensues. 

Having sufficiently indicated the nature and meaning of impenetra- 
bility, we may proceed to discuss experimentally three other marked 
and special qiuEdities of matter — ^viz., inertia, gravity, and weight 



IHEETI^ OB PA33IVENES3. 

Iiterlia ia a power whicli (according to Sir Isaac Newton) is iaiplaated 
inall matter of reaistiog anj change Trom a state of rest. It is sometimes 
called via inertia, and la that property posseased by all matter, of re- 
mainiiig at rest till set in motion, and vice vend; and it expresses, in 
brief tenos, resistance to motion or rest. 

A peodulnm clock wound up and ready to go, does not commence its 
iDOvements, until tlic inertia of the pendulum is orercotue, and motion 
imparted to it. On the other hand, when seated in a carriage, aliould 
any obstruction cause the horse to stop suddenly, it is only perhaps b; 
a violent effort, if at all, that we can resist the onward movement of oor 



fig. 10. Tin tnj, Willi glM> bottatn. (all of n&Ur ; (andlB plwcd ondenieath. 

bodies. To illustrate inertia, construct a metal traj, about three feet 
long, two feet wide, aad two inches deep, with a glass bottom, and 
uran^e it on a framework supported by l^s, like a table, and having 
filled it with water, let the room be darkeoei and then place under the 
tank a lighted candle, At a sufficient distance from the glnsa to prevent 
the heat cracking it. If a piece of calico or paper, stretoned on a frame- 
work, he now held over the water at an angle of about thirty d^ees, 
all that occurs on the surface of the water will be rendered visiRe on 
each screen. Attention may now be directed to the quiescence, or the 
inertia of the water, while the opposite condition of movement and 
formation of the waves may be beautifully shown by touching the sur- 
face of the water with the fmgcr; the miniature waves being depicted 
on the screen, and continuing tJieir motion till set at rest by striking 
against the sides of the tin tray. 
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Should tbe above experiment be thonglit too troublesome or expen- 
sire to prepare, inertia mny be demonstrated bj filling a tea-cup or other 
convenieat vessel with water, and after moving rapidly with it in any 
direction, if we stop suddenly, the rigidity of all parts of tlie cup we 
hold brines them simultaneously^ to a state of rest ; but the mobilitj of 
the liquid particles allows of their cootinuing in motion in their origmal 
direction, and the liquid is spilled. Thus, carelessness in handing and 
spilling a cnp of tea (though not to be recommended) serves to illustrate 
an important principle, "fiie inertia of bodies in motion is further and 
lamentably illustrated by the accidents caused from the suilden stopps^ 
of a railway tram whilst in rapid motion, when heads and inees come m 
contact with frightful reaalts, — It is more especially demonstrated by 
the earth, the moon, and the other planets continoitig their motion for 
ever in the absence of any friction or resistance to oppose their onward 
progress. It is the friction arising from the roughness of the gronnd, 
the resistance of the air, and the force of the earth's attraction, which 
puts a stop to bodies set in motion abont the surface of the earth. 
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Ineriia represents a passive force, gravitation, an active condition of 
matter ; and this latter may truly be termed a force of attraction, because 
it acts between masses at sensible or insensible distances : it is illus- 
trated by a stone, unsupported, falling to the ground; by the stone 
pressing with force on the earth, and requiring power to raise it from the 
ground : indeed, it is commonly reported that it was by an accident — 
" an apple falling from a tree" — ^that the great Newton was led to reflect 
on the universsJ law of gravitation, and to pronounce upon it in the 
following memorable words : — 

'' Every particle ofrmtter in the universe attracts every other particle 
of matter with a force or power directly proportional to the quantity oj 
matter in each, and decreasing as the squares of the distances which sepa- 
rate the particles increase," 

These words may appear very obscure to our iuvenile readers ; but 
when dissected and examined properly, they clearly define the propertv 
of gravitation. For instance, " every particle attracts every other with 
a force proportional to the quantity of matter in 
each." This statement was verified some years 
back by Maskelyne, who, having sought out and 
discovered a steep, precipitous rock in the 
Schichallion mountains, in Scotland, suspended 
from it a metal weight by a cord, and going to 
a convenient distance witn a telescope, and ob- 
serving the weight, he found that it did not 
hang perpeiidic3arly. like, an ordinary plumb- 
line, but was attracted, or impelled, to the sides 
of the rock by some kind of attraction, which, of 
course, could be no other than that indicated 
by Newton as the attraction of gravitation. 

This truly wonderful power of attraction per- 
vades all masses ; and being, as before stated, 
proportional to the quantity of matter, if a man 
could be transported to the surface of the sun, 
he would become about thirtv times heavier : he 
would be attracted, or impelled, to the sun with 
thirty times more gravitating force than on the 
surface of the earth, and would weigh about two 
tons. Of course, nursing a baby on the sun's 
surface would be a very serious affair with our Boptf. The dotted line and 
ordinary strength ; whilst on some of the smaller ?^%'S?rrf'*.*^p1umb: 

Elanets, such as Ceres and Pallas, we should pro- iine» whilst the line of the 
ably gravitate with a force of a few pounds 73^* J.^ SS?*l^«i^^ 
T*'°T..,., , ^ course, witn some exaffsre- 

only, and with the same muscular power now ration) the attractive power 
possessed, we should quite emulate tne exploits ^ *^® "t^^^th*^*^ '^^ 
of those domestic little creatures sometimes dicuiwf* ^ eperpen-^ 




Fig. 12. The SchichalUon 
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called " the industrious fleas," and our jumping would be something 
marvellous. 

There is no very good lecture-table experiment that will illustrate 
gravitation, although attrition may be directed to the fact of a piece of 
potassium thrown on the surface of water in a plate generally rushing 
to the sides, and, as if attracted, attaching itself with ^reat force to the 
substance of the pottery or porcelain; or, if a model ship, or lump of 
wood, be allowed to float at rest in a large tank of water, and a number 
of light chips of wood or bits of straw be thrown in, they generally col- 
lect and remain around the larger floating mass. 

A very good idea, however, may be afforded of the universal action of 
gravity maintaining all things in their natural position on the earth by 




Fig. IS. 

A. The centre ball, representing the earth's centre of grsvitj. 

w WW w. Fonr wires fixed into centre ball, and passing through and secured in fht 
hoop, prqiecting about one foot from the circnmfinrenoe. 

B B B B. Two balls — a model ship and toy — working on the wires like beads, with vol* 
canized India-rubber straps attached to them and the circumference of the hoop. 
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taking a hoop and arranging in and upon it balls, or a n)odel ship, or 
mh.tr toy, and wires, aa depicted in our diagram. 

With this simple apparotus we ma? illnstrate the upward, downward!, 
and sidewaj movement of bodies from the earth, and the counteraction 
bj the force of gravitation Of smj tendency of matter to fall away from 
tiic globe, which is represented in the model by the india-rubber springs 
pulbug the balls ttai toys back again to the circumference of the lioop. 

The attraction of gravitation decreases (quoting the remainder of 
Newton's definition) as the squares of the distances which separate 
the particles increase — i.e., it obeys the principle called "inverse pro- 
portion" — viz., the greater the distance, the less gravitati^ power; the 
less the distance, the ^eater the pon'cr of gravitation. Gravitation is 
like the distribution ot light and other radiant forces, and may be thus 
illustrated. 



fig. 14. Plua a lighted cudle, nurkad x,*tt nrtaln dlitann from No. 1. a baud one 
toot iqoue 1 at double the dUlance the lHtt«r wOl ihidon anotlm boird. No. 2, liHu feet 
■qoare; at three timH, No. 3, nine TeeC iqiure ; at fbur. No, ^ fLit««n bet ^ and » on. 

To make the comparison between the propagation of light and the 
attraction of gravitation, we iiave only to imagine the candle, a, to 
represent the point where the force of gravity exists in the higKest 
degree of intensity ; suppose it to be the sun— the great centre of this 
power in our planetary system. A body, as at No. 1, at any given 
ilistance will be attracted (like iron-filings to a ma^et) with a certain 
force ; at twice the distuice, the square of two bemg four, and by in- 
verse proportion, the attraction will be four times less; at thrice 
the distance, nine times less ; at the fonrth distance, sixteen times less ; 
and so on. With the assistance of this law, we may calculate, 
roughly, the depth of a well, or a precipice, or a cokmn, by ascer- 
taining the time occupied in the fall of a stone or other heavy sub- 
stance. A falling body descends about IG feet in one second, 6i feet 
in two seconds, 141 feet in three seconds, 256 feet in four aeconda, 
100 feet in five seconds, 576 feet in six seconds ; the spaces passed over 
being as the squares of the times. 

Suppose a stone takes three seconds in falling to the surface of the 
water in a well, then 3 X 3 = 9 X 16 = 141 feet wouhi be a rough 
estimate of the depth. The calculation will exceed the truth in con- 
sequence of the stone being retarded in its passf^ by the resistanoa of 
the air. 



^ 
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All bodies ^avitate equally to the earth : for instance, if an open box, 
say one foot in length, two inches broad, and two inches deep, be pro- 
vided with a nicely-fitted bottom, attached by a hinge, a number of 
substances, such as wood, cork, marble, iron, lead, copper, may be 
arranged in a row ; and directly the hand is withdrawn, tne moveable 
flap flies open, and if the manipulation with the disengagement of the 
trap-door is good, the whole of the substances are seen to proceed to the 
earth in a straight line, as shown in our drawing. 




Figf. 15. 
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Fig. 16. 

If a heavy substance, like gold, be greatly extended by hammering 
and beating into thin leaves, and then dropped from the hand, the re- 
sistance of the air becomes very apparent ; and a gold coin and a piece 
of gold-leaf would not reach the earth at the same time if allowed to 
fall from any given heiffht. This fact is easily displayed by the assis- 
tance of a long glass cylindrical vessel placed on the air-pump, with suit- 
able apparatus arranged with little stages to carry the different sub- 
stances ; upon two of them may be placed a feather and a gold coin, and 
on the third, another gold coin and a piece of gold-leaf. 

In arranging the experiment, great care ought to be taken that the 
little stages are all nicely cleaned, and free from any oil, grease, or other 
matter wnich might cause the feathers or the gold-leaf to cling to the 
stages when they are disengaged, by moving tne brass stop round that 
works in the collar of leathers. Sometimes these leathers are oiled, and 
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in that case, when the vaeoum is made, the oil, by tbe pressure, is 

squeezed out, and, passing down, may teach the stages and spoil the 

experiment, bj canning the feathera and gold- 
leaf to stiii to the brass, producing great dis- 
appointment, as the illnstration, nsually called 

the "ipiinea and feather gltut experiment" 

takes some time to prepare. The air-pnmp 

being in good order, the long glass is first 

greased on the lower welt or ei%e, and then 

placed firmlv on the air-pump plat«. 

edge, or welt, may now he greased, and the 

^d coins, feathers, and gold-leaf arranged in ' 

flie drop-apparatns ; this is carefully placed on ^ 

the top of the glass, and flnnlT squeezed down, ■ 

The author has always fonnd a tallow candle, j 

rolled in a sheet of p4«r (so as to leave about I 

Wf the candle exposed), the best grease to I 
ameartheghiEs j 
with for air- ■ [ 

pump eiperi- ;■ 
ments; if the I 
weatheriscold, pig. jt. 

the caudle may 

bo placed for a few mhiutea before an 
onUnary fire to soften the tallow. Po- 
jnatnm answers perfectly well when the 
surfaces of glass and brass are all nicely 

rund; but as ^-pumps and glasses 
, ase get scratched and nibbed, the 
tallow seems to fill up better all ordi- 
nary chaimels by which air may enter 
to spoil a vacuum. 

Ilic apparatus being now arranged, 
the air is pumped out ; and here, again, 
cai« moat be taken not to shake the 
gold off the stages. When a proper 
vacuum has been obtained, which will 
be shown by the pump-gauge, the atop 
is withdrawn from one of the stages, 
and the gold and feather a 



M 



miutaneously to the air-pump 
■' ' with the gold- 



plato. Another stage, v . 

leaf and cob, ma^ now be detached ; 
both showing distinctly, that when the 
resiatance of tbe air is withdnnii, all 
bodies, whether called ligM or keavg, 
gravitate equal!; to the earth. Then, 
the screw at tbe bottom of the pnmp- 
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barrels being opened, attention may be directed to the vhkziiig noise 
tbe air makes on entering the Taeuum, and irhen the axe is once more 
restored to the long glass vessel, the last stage mar be allowed to fall ; 
and now, the gold coin reaches the pump-plate first, and the fcatber, 
lingering behind, loses (as it vere) the race, and touches the plate after 
tbe gold coin ; thus demonatrating clearly the resistance of the air to 
falling bodies. 

Another, and perhaps less tronblesome, mode of sbowingthe same fact, 
is to nse a long glass tube closed at esch end with brass caps cemented '■ 
on. One cap £ould have tbe largest possible aperture closed by a 
brass screw, and the other may fit a small hand-pump. 

If a piece of gold and a small feather are placed in the tnhe, it may 
be shown that tue former reaches the bottom of tbe tube first, whilst it 
is full of air, and when the air is withdrawn by means of the pnmp, and 
the tube again inverted, both the gold and the feather &11 in the same 



not gold and a leather, which aK placed In at 

For this reason, all attempts to measure heights or depths by observing 
the time oecnpied by a falling body in reaching the earth must be in- 
correct, and can only be rough approiimatioos. An experiment tried at 
St. Paul's Cathedral, with a stone, which was allowed to fall from the 
cupola, indicated the time occupied in the descent to be four and a half 
seconds : now, if we square this time, and moltiplv by 16, a height of 
32i feet is denoted ; whereas the actual height is only 273 feet, and the 
difference of 52 feet shows how the atone was retarded in its passage 
through the air ; for, bad there been no obstacle, it would have reached 
thegronnd in 4^ths seconds. 

T^e force of gravitation is further demonstrated by tbe action of the 
son and moon r^ina the waters of tbe ocean, and producing the tides ; 
and abo by the earth and moon, and other planets and sateUites, being 

treventeJ from fiying from their natural paths or orbits around the sun. 
t is also very clearly proved that there must be some iind of attractive 
force resident in the earth, or else all moveable things, the water, the 
air, the living and dead matters, would fly away from 
the surface of the earth in obedience to what ia called 
"centrifugal force." Oar earth is twenty-four bonis 
in peiforming one rotation on its axis, which is an ima- 
I binary line drawn from pole to pole, and represented 
' by tbe teire round which we cause a sphere to rotate. 
Ml objects, therefore, on the earth are moving with 
the pl^iet ai an enormous velocity ; and this movement 
fig. to, i^ called the earth's diurnal, or daily rotation. Now, 
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it will be remembered, that mud or other fluid matter flies off, and is 
not retained by the circumference of a wheel in motion : when a mop is 
trundled, or a dog or sheep, after exposure to rain, shake themselves, 
the water is thrown off by what is called centrifugal force (centrum, a 
centre, /«^t(?, to fly from). 



CHAPTER IL 
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That power which drives a revolving body from a centre, and it 
may be illustrated by turning a closed parasol, or umbrella, rapidly 
round on its centre, the stick being the axis — the ribs fly out, and if 
there is much friction in the parts, the illustration b more certain by 
attacMng a bullet to the end of each rib, as shown in our drawing. 





Fig. 22. 



Fig. 21. 



The same fact may be illustrated by a square mahogany rod, say one 
inch square and three feet long, with two flaps eighteen inches in length, 
hanging bv hinges, and parallel to the sides of the centre rod, which 
immediately fly out on the rotation of the long centre piece. 

The toy called the centrifugal railway is also a very pretty illustration 
of the same fact. A glass of water, or a coin, may be placed in the 
little carriage, and although it must be twice hanging perpendicular in a 
line with tne earth, the carriage does not tumble away from its ap- 
pointed track, and the centrifugal force binds it firmly to the interior of 
the circle round which it revolves. 
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Another striking and ver; simple illustration is to auspend a hemi- 
spherical cup by three cords, and toyinc twisted them, by turning round 
tne cup, it may be filled with water, and directly the hand is withdrawn, 
the toraion ot the cord causes the cup to rotate, and the water describes 
a circle on the floor, flying ofl' at a tangent from the cup, aa may be 
noticed in the accompanying cut. 






/ ! ; 



Tig. a. 

A hoop when (xnndled would tumble on its side if the force ol gravi- 
tation was not overcome by the centrifugal force which imparts to it a 
motion in the direction of a tangent {tango, to touch) to a circle. The 
same principle applies to tbe spinning-to|> — this toy cannot be made to 
stand upon its point until set in rapid motion. 

Eetwning again to the subject of gravitation, we may now consider 
it in relation to other and more magnificent examples which we dis- 
cover by studying the science of astronomy. 
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CHAPTER m. 

THE SCIENCE OF ASTBONOMY. 

In a work of this kind, professedly devoted to a very brief and popular 
view of the different scientific subjects, much cannot be said on any 
special branch of science ; it will be better, therefore, to take up one 
subject in astronomy, and by discussing it in a simple manner, our young 
friends may be stimulated to learn more of those glorious truths whi^ 
are to be found in the published works of many eminent astronomers, 
and especially in that of Mr. Hind, called "The Illustrated Lgndon 
Astronomy." One of the most interesting subjects is the phenomenon 
of the eclipse of the sun; and as 1858 is likely to be long remembered 
for its *' annular eclipse," we shall devote some pages and illustrations 
to this subject. 

Eclipses of the sun are of three kinds — ^partial, annular, and total. 
Many persons have probably seen large partial eclipses of the sun, and 
may possibly suppose that a total eclipse is merely an intensified form of 
a partial one ; but astronomers assert that no degree of partial eclipse, 
even when the very smallest portion of the sun remains visible, gives 
the slightest idea of a total one, either in the solemnity and overpower- 
ing influence of the spectacle, or the curious appearances which accom- 
pany it. 

The late Mr. Baily said of an eclipse (usually called that of Thales), 
which caused the suspension of a battle between the Lydians andMedes, 
that onlv a total eclipse could have produced the effect ascribed to it. 
Even educated astronomers, when viewing with the naked eye the sun 
nearly obscured by the moon in an annular eclipse, could not tell that 
any part of the sun was hidden, and this was remarkably verified in the 
annular eclipse of the 15th March of this year. 

During the continuance of a total eclipse of the sun, we are permitted 
a hasty glance at some of those secrets of Nature which are not revealed 
at any other time — ^glories that hold in tremulous amazement even 
veteran explorers of the heavens and its starry worlds. 

The general meaning of an eclipse may be shown very nicely by light- 
ing a common oil, or oxy-hydrogen lantern in a darkened room, and 
throwing the rays which proceed from it on a three-feet globe. The 
lantern may be called the sun, and, of course, it is understood that cor- 
rect comparative sizes are not attempted in this arrangement; if it were 
so, the globe representing the earth would have to be a mere speck, for ' 
if we make the model of the sun in proportion to a three-feet globe, na 
ordinary lecture hall would contain it. This being premised, attention 
is directed to the lantern, which, like the sun, is self-luminous, and is- 
mving out its own rays ; these fall upon the globe we have designated 
we earth, and illuminate one-half, whilst the other is shrouded in dark- 
ness, reminding us' of the opacity of the earth, and teaching, in a familiar 

c2 
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manner, the canaes of day and n^ht. Anothet globe, saj six inches in 
diametii.and supported bj a string, may be compared to the moon, and, 
like the earth, is now luminous, and shrnea onl; d; borrowed light : the 
moon 13 simply a reflector of light ; like a sheet of white cardboard, or 
a metallic mirror. When, therefore, the Email globe is passed between the 
lantern and tbe large globe, a shadow is cast on the lantern ; it is also 
seen that only the nau of the small globe tnmed towards the lantern is 
illuminated, while the other half, opposite the large globe, is in shadow 
or darkness. And here we understand why the moon appears to bs 
black while passing before the sun ; so also by moving tlie small globe 
about in Tarioua currea, it is shown why ecUpses are only Tiaible at cer- 
tain parts of the earth's surface ; and aa it would take (roughly speak- 
ing) nfty globes as large as the moon to make one equal in size to our 
earth, the shadow it casts must necessarily be small, and cannot obscure 
the whole hemisphere of the earth turned towards it. An eclipse of the 
Bun is, therefore, caused by the opacue mass of moon passing between 
the sun and the earth, Wliilst an eclipse of the moon is caused by the 
earth moving directly between the sun and the moon : the large shadow 
cast by the earth renders a total eclipse of the moon visible to a greatei 
number of spectators on that half of the earth turned towards the moon. 
All these facts can be clearly demonstrated with the arrangement already 
descnbed, of which we give the following pictorial illustration : — 



In using this apparatus, it should be explained that if the moou were 
aslaige as the sun, the shadow would be cylindrical like the figure 1, and 
of an unlimited length. If she were of greater magnitude, it would 
precisely resemble tne shadow cast in the experiment already adduced 
. with the lantern and shown at No. 3. But being so very much smaller 
than the snn, the moon projects a shadow which converges to a point u 
shown in the third diagram. 
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Fie. 33. 

In order to com^treheud the difference betweeu an annulaF and a total 
eclipse of the sun, it ia necessary to mention the apparent sizes of the 
sun and moon: thiu, the former is a very large bodj^-Tiz., eight 
hondred and eighty-seven thonsaDd miles in diameter ; but tben, the sun 
is a reiT loog way off from the earth, and ia ninety milliona of miles 
distant from us ; therefore, he does not appear to be very large ; indeed, 
the sun seems to be about the same size as the moon; for, although the 
sun's diameter is (ronghly speaking) four hundred times greaterthan 
that of the moon, he is four hundred times further away from os, and, 
consequently, the sun and moon appear to be the same size, and when 
they come in a straight line with the eye, the nearer and smaller body, 
the moon, covers the laiger and more distant mass, the sun ; and hence, 
we have either an annular, or a total eclipse, showing how a small body 
may come between the eye and a larger body, and either partially or 
completely obscure it. 
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With respect tc an annular eclipse, it must be remembered, that the 
'paths of all bodies revolving round others are elliptical ; i,e., they take 
place in the form of an ellipse, which is a figure easily demonstrated ; 
and is, in fact, one of the conic sections. 

If a slice be taken off a cone, parallel with the base, we have a circle 
thus— 




Fig. 29. 



If it be cut obliquely, or slanting, we see at once the figure spoken of« 
and have the ellipse as shown in tms picture. 




Pig. 30. 

Now, the ellipse has two points within it, called " the foci," and these 
are easily indicated by drawmg an ellipse on a diagram-board, in which 
two nails have been placedina straight line, and about twelve inches apart. 
Having tied a string so as to make a loop, or endless cord, a circle 
may first be drawn by putting the cord round one of the nails, and 
holding a piece of chalk in the loop of the string, it may be extended 
to its full distance, and a circle described ; here a figure is produced 
round one point, and to show the difference between a circle and an 
ellipse, the endless cord is now placed on the two nails, and the chalk 
being carried round inside the string, no longer produces the circle, but 
that familiar form called the oval. As a gardener would say, an oval 
has been struck ; and the two points round which it has been described. 
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Fig. 31. 

are called ihe^oci. This explanation enables ns to nnderstand the next 
diagram, showing the motion of the earth round the sun ; the latter 
being placed in one of the foci of a very moderate ellipse, and the 
various points of the earth's orbit designated by the little round globes 
marked a, b, c, d, where it is evident that the earth is nearer to the sun 
at B than at b. In this dia^m the ellipse is exaggerated, as it ought, 
in fact, to be very nearly a circle. 

A 



B 




iOD 



C 

Fig. 32. 

We are about three millions of miles nearer to the sun in the winter 
than we are in the summer ; but from the more oblique or slanting 
direction of the rays of the sun during the winter season, we do not 
derive any increased heat from the greater proximity. The sun, there- 
fore, a|)parently varies in size ; but this seeming difference is so trifling 
that it is of no miportance in the discussion : and here we may ask, why 



24 



boy's playbook of science. 



does the earth move round the sun? Because it is impelled by im 
forces, one of which has already been fully explained, and is called the 
centrifugal power, and the other, although termed the centripetal force, 
is only another name for the " attraction of gravitation." 



-C 



R 




Fig. 33. 

To show their mutual relations, let us suppose that, at the creation of 
tbie universe, the earth, marked a, was hurled from the hand of its 
Maker; accordmg to the law of inertia, it would continue in a str^eht 
ime, A c, for ever through space, provided it met with no' resistance or 
obstruction. Let us now suppose the earth to have arrived at the 
pomt B, and to come within the sphere of the attraction of the sun s- 




Fig. 84. 
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here we have at once contending forces acting at rieht angles to each 
other ; either the earth must continue in its original direction, a c, or 
fall gradually to the sun. But, mark the beauty and harmony of the 
arrangement : like a billiard-baU, struck with equal force at two points 
at right angles to each other, it takes the mean between the two, or 
what is termed the diagonal of the parallelogram (as shown in our 
drawing of a billiard-table), and passes in the direction of the curved 
line, B J) ; having reached d, it is again ready to fly off at a tangent ; 
the centnfugal force would carry it to 
£, but again the gravitating force con- 
trols the centripetal, ana the earth 
pursues its elliptical path, or orbit, till 
the Almighty Author who bade it move 
shall please to reverse the command. 

The mutual relations of the centri- 
petal and centrifugal forces may be 
illustrated by suspending a tin cylin- 
drical vessel b^ two strings, and 
having filled it with water, the vessel 
may be swung round without spilling 
a single drop ; of course, the movement 
must be commenced carefully, by mak- 
ingit oscillate like a pendulum. 

The cord which binds it to the finger 
may be compared to the centripetal 
force, whilst the centrifugal power is 
illustrated by the water pressing against the sides and remaining in the 
vessel. Upon the like principles the moon revolves about the earth, 

but her orbit is more ellip- 

^...- tical than that of the earth 

around the sun ; and it is 
evident from our diagram 
that the moon is much fur- 
ther from the earth at a 
than at B. As a natural 
consequence, the moon ap- 
pears sometimes a little 
larger and sometimes 
smaller than the sun ; the 
apparent mean diameter of 
the latter being thirty-two 
minutes, whilst the moon's 
apparent diameter varies 
from twenty-nine and a 
half to thirty-three and a half minutes. Now, if the moon passes exactly 
between us and the sun when she is apparently largest, then a total eclipse 
takes place ; whereas, if she glides between the sun and ourselves when 
smallest — i.e,, when furthest off from the earth — ^then she is not suffi- 



Pig. 36. 
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Fig. 96. 
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cientlj large to cover tlie Bttu entirelT, bat a ring of snnlight remains 
visible around ber, and what is called an annular eclipse of the bud 
occurs. This fact maj be shovu in an effective manner b; placing the 
oxy.hydrogen lantern before a sheet, or other white surface, and throw- 



ing a bridit mole of light upon it, which may be called the sun ; then, 
if a round disc of wood oe passed between the lantem and the sheet, at 
a certain distance from the nozzle of tbe lantern, all the light is cut off, 
the circle of light is no longer apparent, and we have a resemblance to 
a total eclipse. 

By taiing the ronnd diao of wood further from the lantern, and re- 
peating tbe experiment, it will be found that the whole circle of light 
18 not obscurecl, bnt a ring of light appears around the dark centre, cor- 
responding mtii the phenomenon called the annular (riog-shaped) 

n a bullet be placed verv near to one eye whilst the other remains 
closed, a laige target may be wholly shnt ont from vision ; but if the 
bullet be adjusted at a greater distance from the ere, tben the centre 
only will be obscured, and the outer edge or ting of the tar^t remains 
visible. 

When the advancing edge, or first lisii, as it is termed, of the moon 
approaches very near to the second limb of the sun, the two are joined 
toother for a time by alternations of black and white points, called 
Baily's beads. 

This phenomenon is supposed to bo caused partly by the uneven and 
mountamous edge of the moon, and partly by that inevitable fault of 
telescopes, and of the nervous system of the eye, which tends to eolaige 
the imi^s of luminona objects, producing what is called imidiatioD. It 
is eiceedit^ly interesting to know that, although the donds obscured 
the annular eclipse of 1358, in many parts of England, we are yet 
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left the recorded obaervations of one fortunate astronomer, Mr. Jolin 
Teats, who states that — 

" AJl the pLenomena of an anmilBi- eclipse were clearly and bcautifnll; 
visible on the Fotheringay-Castle-monnd, which ia a lowJitv easily iden- 
tified. Bail^s beads were perfectly plain on the completion of the 
annultii, which occurrence took place, according to my observation, at 
about seventy seconds after 1 o'cloot ; it lasted about eighty seconds, 
1\ie ' beads,' like drops of water, appeared on the nppci and under sides 
of the moon, ocoupving fully three-lourtha of her circumference. 

" Prior to this, the npper edge of the moon seemed dark and rongh, 
and there were no other chances of colour. At 12-43, the cuspa, for a 
few moments, bore a very blaci aspect. 

" There was uotbJDg like intense darkness during the eclipse, and less 
gloom than during a thunderstorm. Bystanders prognosticated rain ; 
but it was the shadow of a rapidly- declimnff day. it 12 o'clock, a lady 
living on the farm suddenly exclaimetl, 'The cowa are coming home 
to be milked!' and they came, all hut one; that followed, however, 
within the hour. Cocks crowed, birds flew low or ftuttered about 
uneasily, but every object far and near was well defined to the eye. 

" A singular broadway of light stretclied north and south for upwards 
of a quarter of an honr ; from about 1254 to 110 P.M. 

If the annular eclipse of the sun be a matter for wonderment, the total 
ecUpse of the same is much more surprising ; no other eipression than 
that of awfully grand, can give an idea of the efieots of totality, and of 
the suddenness with which it obscures the light of heaven. The dark- 
ness, it is said, comes dropping down like a mantle, and as the moment 
of full obscuration approaches, people's countenances become livid, the 
horizon is indbtinct and sometimes invisible, and there is a general 
appearance of horror on all sides. These are not simply the inventions 
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of active Lnman inn^nations, for thej produce equal, if not greater 
effects, upon the brute creation. M. Aritgo quotes an instance of a half- 
starTcd dog, -who was voraciouslj devonnng some food, but dropped it 
the instant tlic darkness came on. A swarm of ants, busil; engaged, 
stopped wlien the darkness commenced, and remained motionless tilt 
the light reappeared. A herd of oxen collected themselves into a circle 
and stood still, with their horns ontward, as if to resist a common 
enemy ; certain plants, suoli as the convolyulus and silk-tree acacia, 
closed their leaves. The latter statement was corroborated during the 
annnlar eclipse of the 15th ot March, 1858, by Mr. E. S, Lane, who 
states, that crocuses at the Observatory, Eeeston, had their blossoms 
expanded before the eclipse ; they commerced closing, and were quite 
shut at about one minnte previous to the greatest darkness ; and the 
fiowcrs opened partially about twenty minutes afterwards. A " iolal 
eclipse" of the sun has alwajs impressed the human mind with terror 
and wonder in ever; age : it was always supposed to be the forerunner 
of evil; and not only is the mind powerfully impressed, as darkness 
gradually shuts out the face of the sun, but at the moment of totality, 
a magniScent corona, or glory of light, is visible, and prominences, or 
' flames, as the; are often termed, make their appearance at different 
points round the circle of the dark mass. This glor; does not flash 
snddenly on the eye; but commencing at the first bmb of the sun, 
passes qoickly front one limb lo the other. Our illustration shows 



■'the corona" and the "rose-coloured prominences," whose nature we 
shall next endeavour to explain. Professor Airy describes the change 
from the last narrow crescent of light to the entire dark moon, sur- 
rounded b; a ring of faint light, as most cnrioua, striking, and magical 
in effect. The progress of the formation of the corona was seen dis- 
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tinctly. It commenced on the side of the moon opposite to that at 
which the sun disappeared, and in the general decay and disease which 
seemed to oppress all natare, the moon and the corona appeared almost 
like a local sore in that part of the sky, and in some places were seen 
double. Its texture appeared as if nbrous, or composed of entangled 
threads ; in other places brushes, or feathers of lignt proceeded ^om 
it, and one estimate calculated the light at about one-seventh part of a 
full moon light. The question, whether the corona is concentric with 
the sun and moon, was specially mooted by M. Arago, and Professor 
Baden Powell has produced such excellent imitations of the " corona" 
by making opacjue Dodies occult, or conceal, very bright points, that it 
caimot be considered as material or real, although it ought to be re- 
membered that the best theory of the zodiacal Gght represents it to be 
a nebulous mass, increasing in density towards the sun, and yet no 
portion of this nebulous mass was seen during the totality. But by far 
the most remarkable of all the appearances connected with a " total 
eclipse" are the rose-coloured prominences, mountains, or flames, pro- 
jectmg &om the circumference of the moon to the inner ring of the 
corona ; and, although they had been observed by Vaserius (a Swedish 
astronomer) in 1733, they took the modem astronomers entirely by 
surprise in 1842, and they were not prepared with instruments to ascer- 
tain the nature of these strange and almost portentous forms. In 1851, 
however, CTcat preparations were made to throw further light on the 
subject. Professor Airy went to make his observations, and he says, 
"luat the suddenness of the darkness in 1851 appeared much more 
striking than in 184!2, and the forms of the rose-coloured mountains were 
most curious. One reminded him of a boomerang (that curious weapon 
thrown so skilfully by the aborigines of Australia) ; this same figure has 
been spoken of by others as resembling a Turkish scimitar, strongly 
coloured with rose-red at the borders, but paler in the centre. Another 
form was a pale-white semicircle based on the moon's limbs ; a third 
figure was a red detached cloud, or balloon, of nearly circular form, 
separated from the moon by nearly its own breadth ; a fourth appeared 
like a small triangle, or conical red mountain, perhaps a little wliite in 
the interior ;" and the Professor proceeds to saj, " I employed myself 
in an attempt to draw roughly the fibres, and it was impossible, after 
witnessing the increase in height of some, and the disappearance of 
another, and the arrival of new forms, not to feel convinced that the 
phenomena belonged to the sun, and not to the moon." 

Still the question remains unanswered, what are these "rose- 
coloured prominences?" If they belong to the sun, and are moun- 
tains in that luminary, they must be some thirty or forty thousand miles 
in height. 

M. Paye has formally propounded the theory, that they are caused by 
refraction, or a kind of mirage, or the distortion of objects caused by 
heated air. This phenomenon is not peculiar to any country, though 
most frequently observed near the margin of lakes and rivers, and on 
hot sandy plams. M. Monge, who accompanied Buonaparte in his 
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expedition to Egypt, witnessed a remarkable example between Alex- 
andria and Cairo, where, in all directions, green islands appeared sur- 
rounded by extensive lakes of pure, transparent water. M. Monge 
states that " Nothing could be conceived more lovely or picturesque 
than the landscape. In the tranquil surface of the lake, the trees and 
houses with which the islands he covered were strongly reflected with 
vivid and varied hues, and the party hastened forward to enjoy the 
refreshment apparently proffered them; but when they arrived, the lake, 
on whose bosom the images had floated — ^the trees, amongst whose 
foliage they arose, and the people who stood on the shore, as if in- 
viting their approach, had ail vanished, and nothing remained but the 
uniform and irksome desert of sand and sky, wiuL a few naked and 
raggjed Arabs." 

If M. Monge and his party had not been undeceived, by actually 
going to the spot, they would, one and all, have been firmly convinced 
that these visionary trees, lakes, and buildings had a real existence. 
This kind of mirage is known in Persia ana Arabia by the name of 
" serab" or miraculous water, and in the western districts of India by 
that of "scheram." This illusion is the effect of unusual refraction, and 
M. Faye attempts to account for the rose-coloured mountains by some- 
thiug of a similar nature. 

It is right, however, to mention, that learned astronomers do not con- 
sider this theory of any value. 

Lieutenant Patterson, one of the observers of the eclipse of 1851, 
says, that " It is very remarkable that the flames or prommences cor- 
respond exactly (at least as far as he could judge) with the spots on the 
sun's surface." Taking this statement with that of M. Paye, it may 
be assumed, as a new idea, and nothing more, that these prominences 
are, after all, mere aerial pictures of these openings in the sun's atmo- 
sphere, or what are called "sun spots." In the "Edinburgh Philoso- 
pliical Journal," it is said, that although it has lately been shown in the 
Edinburgh Observatory that it is possible to produce, by certain optical 
experiments, red flames on the sun's limb of precisely the rose-coloured 
tint described, yet, on weighing the whole of the evidence, there does 
seem a great preponderance iii favour of the eclipse flames being real 
appenda^s -of the sun, and in that case they must be masses of such 
vast size as to play no unimportant part in the economy of that stupen- 
dous orb. 

During the last eclipse great disappointment was felt that the dark- 
ness was so insignificant, although, when we consider the enormous 
light-giving power of the sun, and know that it was not wholly 
obscured, we could hardly have expected any other result. Thejc can 
be no doubt that a decided change in the amount of light is only to 
be observed during a total eclipse of the sun, one of which occurred 
on the 7th of September, 1868 ; but, unfortunately, it was only visible 
in South America ; we must therefore content ourselves with the de- 
scriptions of those astronomers who can be fully relied on. From 
the graphic account given by Professor Piazzi Smyth, the astronomer- 
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royal for Scotland, of a total eclipse as seen by him on the western 
coast of Norway, we may form some notion of the imposing appearance 
of the surronndmp^ country when obscured during the occurrence of this 
rare astronomical phenomenon. 

The Professor remarks, "To understand the scene more fully, the 
reader must fancy himself on a small, rocky island on a mountainous 
coast, the weather calm, and the sky at the beginning of the eclipse 
seven-tenths covered with thin and bright cirro-strati clouds. As the 
eclipse approaches, the clouds gradually darken, the rays of the sun are 
no lon^r able to penetrate tnem through and through, and drench 
them with living lignt as before, but they become darker than the sky 
gainst which they are seen. The air becomes sensibly colder, the cloucls^ 
still darker, and the whole atmosphere murkier. 

'* From moment to moment as the totality approaches, the cold and 
darkness advance apace ; and there is something peculiarly and terribly 
convincing in the two different senses, so entirely coinciding in their 
indications of an unprecedented fact being in course of accomplishment. 
Suddenly, and apparently without any warning (so immensely greater 
were its effects tnan those of anythmg else which had occurred), the 
totality supervenes, and darkness cojnes down. Then came int.o view 
lurid lights and forms, as on the extinction of candles. This was the 
most striking point of the whole phenomenon, and made the Norse 

Seasants about us flee with precipitation, and hide themselves for their 
ves. 

" Darkness reigned everywhere in heaven and earth, except where, 
along the north-eastern horizon, a narrow strip of unclouded sky pre- 
sented a low burning tone of colour, and where some distant snow- 
covered mountains, beyond the range of the moon's shadow, reflected 
the faint mono-chromatic li^ht 9f the partially eclipsed sun, and exhi- 
bited all the detail of their structure, all the light, and shade, and 
markings of their precipitous sides with an apparently supernatural 
distinctness. After a little time, the eyes seemed to get accustomed to 
the darkness, and the looming forms of objects close by could be dis- 
cerned, all of them exhibiting a dull-green hue ; seeming to have exhaled 
their natural colour, and to have taken this particuu^ one, merely by 
force of the red colour in the north. 

"Life and animation seemed, indeed, to have now departed from 
everything around, and we could hardly but fear, against our reason^ 
that if such a state of things was to last much longer, some dreadful 
calamity must happen to us all ; while the lurid horizon, northward, 
appeared so like tlie gleams of dcDarting light in some of the grandest 
pamtings by Danby and Martin, that we could not but believe, in spite 
of the alleged extravagances of these artists, that Nature had opened 
up to the constant contemplation of their mind's -eye some of those 
magnificent revelations of power and glory which others can only get a 
glimpse of on occasions such as these. 

It can be easily imagined, that under such peculiar and awful circum- 
stances, the carefal observation of these effects must be somewhat dif- 
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ficult, and the only wonder is that the astronomical observations ar6 
conducted with any certainty at all. 

In the eclipse of 1842, it was not only the vivacious Frenchman who 
was carried away in the impulse of tiie moment, and had afterwards to 
plead that " he was no more than a man** as an excuse for his unfulfilled 
part in the observations, but the same was the case with the grave 
IDnglishman and the more stolid German. In 1851, much the same 
failure in the observations occurred ; and on some person asking a worthy 
American, who had come with his instruments from the other side of 
the world expressly to observe the eclipse, what he had succeeded in 
doing ? he merely answered, with much quiet impressiveness, *' That if 
it was to be observed over again, he hoped he would be able to do some- 
thing, but that, as it was, he had done nothing : it had been too much 
for him" This is not quite so bad as the fashionable lady who 
had been invited to look at an eclipse of the sun through a grand 
telescope, but arriving too late, inquired whether " it could not be shown 
over again" 

With this brief glance at the science of astronomy, we once more 
return to the term "gravity," which will introduce to us some new 
and interesting facts, under the head of what is called " centre of 
gravity." 



CHAPTER IV. 

CENTBE OE GRAVITY. 

Thai point about which all the parts of a body do, in any situation, 

exactly balance ettch other. 

The discovery of this fact is due to Archimedes, and it is a point in 
every solid body (whatever the form may be) in which the forces of 
gravitv may be considered as united. In our g:lobe, which is a sphere, 
or rather an oblate spheroid, the centre of gravity virill be the centre. 
Thus, if a plummet be suspended on the sunace of the earth, it points 
directly to the centre of gravity, and, consequently, two plummet-lines 
suspended side by side cannot, strictly speaking, be parallel to each 
other. 

If it were possible to bore or dig a gallery through the whole substance 
of the earth from pole to pole, and men to allow a stone or the fabled 
Mahomet's coffin to fall through it, the momentum — i.e,, the force of the 
moving body, woidd carry it beyond tiie centre of gravity. This force, how- 
ever, heins exhausted, there would be a retrograde movement, and after 
many oscifiations it would gradually come to rest, and then, unsupported 
by anything materia], it womd be suspended by the force of gravitation, and 
now enter into and take part in the general attracting force ; and being 
equally attracted on every side, the stone or coffin must be totally without 
weight. Momentum is prettily iUustrated by a series of inclined planes 
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Fig. 40. 7. The centre, a b o s b. Plammet-Iines, all pointing to the centre, and 

therefore diverging firom eadi other. 

cut in mahogany, with a grooved channel at the top, in imitation of the 
famous Russian ice monntains : and if a marble is allowed to run down 



BA 




Fig. 41. p p p. Inclined planes, gradually decreaainff in height, cat out of inch mahogany, 
with a groove at the top to carry an ordinary marble, b b b. Different poisitiona of the 
marble, which itarte trom b a. 
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the first incline, tbe momentum will carry it up the secomi, from which 
it irill i^ain descend aud pus up aai down the third and lost miniature 
mountain. 

In a Bphcre of nnitonn denaitj, the centre of grayitj is easily dis- 
covered, bat not so in an irregular malt ; and here, perhaps, an explana- 
tion of teems may not be altogether unacceptable. 
Matt, la a term applied to solids, such as a mass of lead or stone. 
Buli, to liquids, such as a bulk of water or oil. 
Folume, to gases, such as a volmne of air or oijgen. 
To find the centre of gravity of any mass, as, for eiample, an ordinary 
school-slate, we must firat of all suspend it from any part of the frame; 
then allow a plumb-Uiie to drop from the point of suspension, and mark 
its airection on the slate. Again, 
suspend tbe slate at various other 
points, always marking the line of 
direction of the plummet, and at 
the point where the lines intersect 
each other, there will be the centre 
of gravity. 

u the slate be now placed (as 
shown in Fig. 43) on a blunt 
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wooden point at the spot wbere the 
lines cross each other, it will be 
found to balance exactly, and this 



pe^f'o.Tliep.tototiiitiwctl™. ud. "'""'','" "7*'™ ciauiij, buq luis 
Wate,thBc«nfaeorgnvi^. T,'nuUM pJacc IS called tbe e«)i/r« offfraTtlg, 
of plnmmM. DeinBthepoint with which allother 

particles of the bod^ would move with parallel and equable motion during 
its fall, ^e eqnihbrium of bodies is therefore much affected bv the 



of its edges (as at No. 1, fig. 41), this point of contact is called the point 
of support, and the centre of gravity is immediately above it. 

In this case, the body is in a state of secure eqoilibrium, for any 
motion on either side will caose tbe centre of graviij to ascend in these 
directions, and an oscillation will ensue. But if we place it upon the 
smaller end, as shown at No. 3 (fig. 14), tbe position will be one of 
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equilUmum, but not stable or secure; although the centre of erttrit; 
ia directly above the point of support, the slightest touch will diaplace 




Fig. U, The point at npport, c, Tha cmtn a( gnftt^. 

the oyal and cause its OTcrthrow. The famous storj of Columbus and 
the e^ suegests a capital illoBtration of this fact ; and there are two 
TDodes in which the egg maj be poised on either of the ends. 

^e one nanally attnhuted to the ereat disooverer, is that of scraping 
or slightly breaking away a little of the shell, so as to flatten one of the 
«nds, thus : — 
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.1* thaenlnI(4iutanlftate,uid,ther«foKLiiiimBtAb1e«iti1ibTlum; 
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, w1^ tha HDT^ue, x flAttened, bj 



tia point oTaopport tbevqiilllniimiii 



The most philosophical mode of making the egg stand on its end and 
without disturbing the exterior shell is to alter the position of the yolk, 
which has a greater density than the white, and is situated abouif the 
centre. If the egg is now shaken so as to break the membrane enclosing 
the yolk, and thus allow it to sink to the bottom of the smaller end, the 
centoe <j gravity is lowered; there is a greater proportion of weight 
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concentrated in the small end, and the egg stands erect, as depicted afc 

fig. 46. 
It is this variable position of the centre of gravity in ivory balls (one 

part of which may be more- 
dense than another) that so 
frequently annoys even the 
best billiid-players ; and on 
this account a "ball will de- 
viate from the line in which 
it is impelled, not from any 
fault ot the player, but in 
consequence of the ivory 
ball being of unequal den- 
sity, and, therefore, not hav- 
ing the centre correspond- 
ing with the centre ot gra- 
vity. A good billiard-player 

- ^f • ^T:^*^* ^'nS?*^??.*** ^^' ^' ^^^^ *^^ fi^'^*y* should, therefore, always try 

T. luG yOIK. W, 1116 WIUt6. , i !« 11 1. 1? l. 

No. 2. c. Centre of gravity, much lowered, t. The the ball betore he engages 
yolk at the bottom of the egg, to play for any large sum. 

The toy called the "tombola" reminds us of the egg-expenment, as 
there is usually a lump of lead inserted in the lower part of the hemi- 
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Fig. 47.-'No. 1. c. Centre of gravity in the lowest place, figure upright. 

No. 2. c. Centre of grravity raised as the figure is inclined on dther side, but iUling 

again into the lowest place as the figure gradually comes to rest. 

sphere, and when the toy is pushed down it rapidly assumes the upright 
position because the centre of ^avity is not in the lowest place to which 
it can descend ; the latter position oeing only attained wnen the figure 
is upright. 

Tnere is a popular paradox in mechanics — ^viz., " a body having a 
tendency to fall by its own weight, may be prevented from falling by 
addkg to it a weight on the same side on wnich it tends to fall, and 
the paradox is demonstrated by another well-known child's toy as de- 
picted in the next cut. 
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Fig.48. TtMliMordlreciioii lUlliiK berond tha bHCj thebsrtwinoidlHdwdgbt 
thiowlnB tke eentn oT gnTltTDDderlbe UblsindntirtbeleuleD we^ti Uublnd ligs 
beoome tlw pdnt oTniiport, and tbe tor la perbctl; balmmd. 

After wliat has been explained Tegnrding the improvement of tbe 
stability of the egg b; lowermg the situation of the centre of graTity, it 
ma; at first appeal Biugnlar that a stick loaded with a weight at its 
upper extremity caii be haknced peqKndicularly with greater ease and 
precision than when the weight is lower down and nearer the band ; 
and that a sword can be balanced best when the hilt is uppermost ; 
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but this is easily explained when it is understood that with the 
handle downwards a much smaller arc is described as it falls than when 
reversed, so that in the former case the balancer has not time to re- 
adjust the centre, whilst in the latter position the arc described is so 
large that before the sword falls the centre of gravity may be restored 
witnin the line of direction of the base. 

For the same reason, a cluld tripping against a stone will fall 
quickly; whereas, a man can recover himself; this fact can be very 
nicely shown by fixing two square pieces of mahogany of different 




Figr. 50.— No. 1. The two pieces of mahoj^my, carved to represent a man and a boy, one 
being 10 and the other 6 inches long, attached to board by hmges at n h. 




Fig. 61.— -No. 2. The board pushed forward, striking against a nail, when the 
short piece faUs first, and the long one second. 

len^hs, by hinges on a flat base or board, then if the board be pushed 
rapidly forward and struck against a lead weight or a nail put in the 
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table, the short piece is seen to fall first and the long one afterwards ; 
the difference of time occupied in the fall of each piece of wood (which 
may be carved to represent the human figure) being clearly denoted by 
the sounds producedt as they strike the board. 

Boat-accidents frequently arise in consequence of ignorance on the 
subject of the centre of gravity, and when persons are alarmed whilst 
sittmg in a boat, they generally rise suddenly, raise the centre of gravity, 
which falling, by the oscillation of the frail bark, outside the line of direc- 
tion of the base, cannot be restored, and the boat is upset ; if the boat were 
fixed by the keel, raising the centre of gravity would be of little con- 
sequence, but as the boat is perfectly free to move and roll to one side 
or the other, the elevation of the centre of gravity is fatal, and it 
operates just as the removal of the lead would do, if changed from the 
base to tne head of the " tombola" to^. 

A very striking experiment, exhibiting the danger of rising in a boat, 
maybe snown by the following model, as depictea at Nos. 1 and 2, figs. 
52 and 53. 
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Fig. 62.— No. 1. Sections of a toy-boat floating in water, b b b. Three brass wires placed 
at regolar distances and screwed into the bottom of the boat, with outs or slits at the top 
00 that when the leaden bollets, l l l, which are perforated and slide upon them like 
beads, are raised to the top, they are retidned by the orass cuts sprin^g oat ; when the 
ballets are at the bottom of the lines they represent persons sitting in a boat, as shown 
in the lower cuts, and the centre of gravity will be within the vessel. 

We thus perceive that the stability of a body placed on abase depends 
upon the position of the line of direction and the height of the centre 
of gravity. 

Security results when the line of direction falls within the base. In- 
stability when just at the edge. Incapability of standing when falling 
without the base. 
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2. The laden bnlleti nlud to 



lie todU oFunoiu aai- 
■ a\aki or iiaau on the 



The leaiiiug'tower of Pisa is one hundred nnd eightj-tn-o feet in 
height, and is swayed thirteen and a half feet from the perpendicular. 



nc. M. r. Board not md pilnlsd la rcpiomt Uw ]euinr<h)wcr of Pia. e. Tha oentre 
ofgrnl^ «od ^ununet-llDa nupended Dom it. m. The mng* which HttachM it to tJie 
hue boud. I. The itrbie, nlBcleDtljr lonv lo imirlDd ud iUok the plnmmet la bine out- 
■ida the bu^ » thUj when cot, the model bUi in the directtou of the urow. 

bat ^et reiuAins perfectly firm and secure, as the line of direction falls 
considerably within the aase. If it was of a greater altitude it could 
no longer stand, because the centre of gravity would be so elevated 
that the line of direction would fall outside tne base. This fact may 
be illastrat«d by taking a board several feet in length, and having cut 
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it ont to represent the architecture of the leaning-tower of Pisa, it may 
then be painted in distemper, and fixed at the right angle with a hinge 
to another board representing the ground, whilst a plumb-line may be 
dropped from the centre of gravity ; and it majr be snown that as long 
as tne plummet falls within the base, the tower is safe ; but directly the 
model tower is broueht a little further forward by a wedse so that the 
plummet hangs outsiae, then, on removing the support, which may be a 
piece of string to be cut at the right moment, the model falls, and the 
fact is at once comprehended. 

The leaning-towers of Bologna are likewise celebrated for their great 
inclination ; so also (in England) is the hanging-tower, or, more cor- 
rectly, the massive wall which has formed psurt of a tower at Bridge- 
north, Salop; it deviates from the perpendicular, but the centre of 
gravity and the line of direction fall witnin the base, and it remains 
secure ; indeed, so little fears are entertained of its tumbling down, that 
a stable has been erected beneath it. 

One of the most curious paradoxes is displayed in the ascent of a 
billiard-baU from the thin to the thick ends of two biUiard-cues placed 
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¥ig. 65.— No. 1. Two biUkad-caes tmnged for fhe experiment and fixed to a board : the 
ball is roOiiig up. 

No. S. Sections showing that the centre of gnritj, c, is higher at ▲ than at b, which 
represents tlie thick end of the cues ; it therefore, in effect, rolls down hill. 

at an angle, as in our drawing above ; here the centre of gravity is 
raised at starting, and the baU moves in consequence of its actually 
falling from then^h to the low level. 

Much of the stability of a body depends on the height through which 
the centre of gravity must be elevated before the body can oe over- 
thrown. The greater this height, the greater will be the immovability 
of the mass. One of the nandest examples of this fact is shown in 
the ancient Pyramids ; and whilst gigantic palaces, with vast columns. 
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and all. the solid g;randeitr beloaging to Egyptian architecture, have 
succumbed to lime and lie more or less prostrate upon the earth, the 
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i^amids, in their simple form and solidity, remain almost as thejwere 
built, and it irill be noticed, in the accompanjing sketch, how difficult, 
if not impossible, it would be to attempt to oyertliow bodily one of these 
great monimienta of ancient times. 

The principles alrendy explained are directly applicable to the con- 
atmction or secure loamng of rehiclea ; and in proportion as the centre 
of gravit]^ is elevated above the point of support (that is, the wheels), 
so IS the insecurity of the cairiago increased, and the contrary takes 
place if the centre of gravity is lowered. Again, if a waggon be loaded 
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with a very heary substance which does not occupv mach space, sncli 
as iron, lead, or copper, or bricks, it will lie in much less dai^r of an 
OTerthcow than if it carries an equal weight of a lighter body, such as 
pockets of hops, or bags of wool or bales of lags. 

In the cue instance, tbe centre of gravity ta near the gronnd, and falls 
wellwitlunthebase,asatNo. 1, fig. 57. In the other, thecentreof gravity 
is considerably elevated above the eronnd, and having met with an ot- 
stractioD which has raised one side higher than the other, the line 
of direction has fallen outside tbe wheels, and the waggon is over- 
tnming as at No. 3. 

The varioas postnras of the human body may be regarded as so many 
experitnents opon tbe position of the centre of gravity which we are 
every moment unconacioualy performing. 

To maintain an erect position, a man must so place his body as to 
canse tbe line of direction of his weight to fall witbin the base formed 
bj his feet. 

The more the toes are tomed outwards, the more contracted will be 
the base, and the body will be more liable to fall backwards or forwards ; 
and the closer the feet are drawn together, the more likely is the body 
to fall on either side. The acrobats, and so-called " India-Bdiber 



Brothers," dancing dogs, &o., nnconscionsly acquire tbe babit of accu- 
rately b^ancing themselves in all kinds of strange positions ; bnt as 
these accompl^bments are not to be recommenoed to yonng people, 
some other marvels (such as balancing a pail of water on a stick uid 
upon a table) may be adduced, as illustrated in fig. S9. 

Let A a represent an ordinary table, npon which place a broomstick, 
c B, so that one-half shall lay upon the table and the other extend from 
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it ; ykce over the stick the handle of on empt; pail (whicli may possibly 
require to be elongated for the esperiment) so that the handle touches 
or laUs into a notca at h ; and in order to bring the pail well under the 




FlB-M. 
table, another stick is placed in the notch b, an.. 
line G F E, one end resting at g and the other at e. Having made these 
preparations, the pail may now be filled with water ; and althongli it 
appears to be a most marvellous result, to see the pail apjiarently 
balanced on the end of a stick which may easily tilt up, the principles 
already eiphiined will enable tlie observer to understand that thecentre 
of gravity of the pail falls within the line of direction shown by the 
dotted line ; and it amounts in effect to nothing more than carrying a pul 
on the centre of a atidt, one end of whieli is supported at b, and the 
other through the m&dium of the table, i B. 

ITiis illustration may be modified by using a heavy weight, rope, and 
^tick, as shown in oar sketch below. 



Before we dismiss this sul^eet it is advisable to explain a term re- 
fening to a very useful truth, called the centre of percussion ; a know- 
ledge ot which, gained instinctively or otherwise, enaliles the workman 
to wield his tools with increased power, and gives greater force to the 
cut of the swordsman, so that, with some physical strength, he may 
■ ' ", eleavii ■ ' • ' > 



perform the feat of cutting a sheep in half, i 



ing a bar of lead, o 
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neatljr dividing, a la Saladin, in ancient Saracen fashion, a silk hand- 
kercmef floatu^ in the air. There is a feat, however, which does not 
require any very ffreat stren^h, but is sufficiently startling to excite 
much surprise and some inquiry — viz., the oneof cutting in half a broom- 
stick supported at the ends on tumblers of water without spilling the 
water or cracking or otherwise damaging the glass supports. 




Fig. 61. 

These and other feats are partly explained by reference to time : the 
force is so quickly applied and expended on the centre of the stick that 
it is not communicated to the supports ; just as a bullet from a pistol 
may be sent through a pane of glass without shattering the whole square, 
but making a cleim hole through it, or a candle may be sent through a 
plank, or a cannon-bail pass through a half opened door without causing 
it to move on its hinges. But the success of the several feats depends 
in a great measure on the attention that is paid to the delivery of the 
btows at the eetUre of percussion of the weapon; this is a pomt m a 
moving body where the percussion is the greatest, and about which the 
impetus or force of all parts is balanced on every side. It may be better 
understood by reference to our drawing below. Applying this principle 
to a model sword made of wood, cut m half in the centre of the blade, 
and then united with an elbow-joint, the handle being fixed to a boMd 
by a wire passed through it and the two upricht F^ of wood, the 
fact is at once apparent, and is well shown in Nos. 1, 3, 6, tog. bX. 
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Fig. 02. No. L iB the wooden sword, with an elbow-joint at o. No. 2. Sword attached to 
board at k» and beinff allowed to foU from any angle shown by dotted-Iine, it strikes 
the block, w, ontside the centre of percnssion, p, and as there is imeqnal motion in the 
psrts of the sword it bends down (or, as it were, breaks) at the dbow-jouit, c. 

No. 3 displays the same model ; but here the blow has fkllen on the block, w, precisely 
at the centre of percussion of the sword, p, and the dbow-joint remains p^eetly mm. 



When a blow is not delivered with a stick or sword at the centre of 
percnssion, a peculiar jar, or what is familiarly spoken of as a stinging 
sensation, is apparent in the hand ; and the cause of this disagreeable 
result is further elucidated by fig. 63, in which the post, a, corresponds 
with the handle of the sword. 
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Fig. 63. A. The post to which a rope iB attached, b and o are two hones nmiiiiigjroand 
in a cirde, and it ia phdn that b will not more lo quick as c, and that Ihe latter wB. haye 
the greatest moTing force ; consequently, if the rope was suddenly checked by striking 
against an otgeot at the centre ox gravity, the horse o would proceed &ster than b, and 
would impart to b a backward mooon, and thus make a great strain on the rope at a. But 
If the obstacle were placed so as to be struck at a certain point nearer o, viz., at or about 
the little star, the t^dency of each horse to moYC on would balance and neutralize the other, 
80 that there would be no strain at ▲• The little star indicates the eenire qfpereuBiUm. 

All military men, and especiallj those yonn^ gentlemen who are 
intended for the army, should bear in mind this important truth during 
their sword-practice ; and with one of Mr. Wilkinson's swords, made 
only of the very best steel, they may conquer in a chance combat which 
mi^t otherwise have proved fatal to them. To IiAt. Wilkinson, of Fall 
Mall, the eminent sword-cutler, is due the great merit of improving the 
quality of the steel employed in the manufacture of officers' swords ; 
and with one of his weapons, the author has repeatedly thrust through 
an iron plate about one-eighth of an inch in thicimess without injuring 
the point, and has also bent one nearly double without fracturing it, the 
perfect elasticity of the steel brin^igthe sword straight again. These, 
and other severe tests applied to WiDdnson's swords, show that there is 
no reason whj an officer should not possess a weapon that will bear 
comparison with, nay, surpass, the far-famed Toledo weapon, instead of 
submitting to mere army-tailor swords, which are often little better than 
hoops of beer barrels ; and, in dire combat with Hindoo or Mussulmtm 
fanatics' Tulwah, may show too late the foUy of the owner. 




Fig. 64. 
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It is recorded of tKe great Dr. WolUskm, ttiat irhen Sir Humphry 
Dar> placed in. his hma, wliat waa then considered to be fie scieutiflc 
wonder of the day — viz,, a small bit of the metal potassium, he ex- 
claimed at once, " How heavy it ia," and was greatly surprbed, wheu 
Sir Humphry threw the metal on water, to see it not only take fire, 
but actually ^oai upon the surface ; here, then, was a philosopher 
possessiw the deepest learning, unable, by the sense of touch ana by 
ordinary Eandling, to slate correctly whether ihe new substance (and 
that a metal), was heavy or light; hence it is apparent that the pro- 
perty of specific grarity is one of importance, and beins derived from 
the Latin, means apeciei, a particular sort or kind; and gravU, heavr 
or weight— i.e., the particular weight of every substance compared witn 
a fiiea standard of water. 

We are so constantly in the habit of referrine to a standard of perfec- 
tion in mosic and the arts of paiuting and sculpture, that the joongest 
will comprehend the olBce of water when told that it is tlie philosopher's 
unit or starting.point for the estiication of the relative weights of solids 
and hquids. A good idea of the scope and meaning of the term specific 
gravity, is acquired by a few simple experiments, thus : if a cylindrical 



fig' 05. 1. A lurga cjlindrlal Taw] caattlnlng: water. In which the m ilnki 
(■MhH the bottom of thaglua. i. A •hniliU' glw t»wI QODtllDing faalT nirlM u 
nUa, In which Uw tgg Batia In the <:entr«— ili. Jut it the point where the brii 
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glasB, say e^hteen inches long, and two and a half wide, is filled with 
water, and another of tbe same ate is also filled, one half with water 
nnd the other half with a saturated solution of common salt, or what is 
commonlj termed brine, a most amusing compajiaon of the relative 
weights of equal hulks of water and brine, can oe made with the help 
of two eggs i when one of the egss is placed in the glass containing 
water, it immediately sinks to the Dottom, sliowing that it has a greater 
specific gravity than water ; but when the other egg is placed m the 
second glass containing the brine, it sinks through the water till it 
reaches the strong solution of salt, where it is suspended, and presents 
n most curious and pretty appearance ) seeming to float like a balloon in 
air, and ^parently suspended upon nothing, it proTokea the inquiry, 
" whether magnetism has anything to do with it P" The answer, of 
course, is in the negative, it merely 
floats in the centre, in obedience to 
the common principle, that all bodies 
float in others which are heavier than 
themselves ; the brine has, Iherefore, 
a greater weight than an equal bulk 
of water, and is also heavier than the 
e^. A pleasing sequel to this eipe- 
nment may be shown by demonstrat- 
ing how the brine is placed ia the 
vessel without mixing with the water 
above it ; this is done oy using a glass 
tube and funnel, and after pouring 
away half the water contained in the 
vessel (Pig. 65), the e^ can be floated 
from the bottom to the centre of the 
glass, by pouring the brine down the 
fuimel and tube. The satnrated solu- 
tion of salt remains in the bwer part 
of the vessel and displaces the water, 
which floats npon its surface like oil 
on water, carrying the egg with it. 

The water of the DeuT Sea is said 
to contain about twentv-sis per cent, 
of saline matter, which chiefly con- 
aiata of common sidt. It is perfectly 
clear and bright, and in consequence 

of the great density, a person may ??■;??- V*™'*^'^;£*tfl''S'' 
-1 jF , 1 "^ ; "^ i-r .!■' Bi the brine ii poured doira the tube tba 

eaady float on its surface, like the egg gniatUj Sim. 
^g on the brine, so that if a ship 

could be heavily laden whilst floating on the water of the Bead Sea, 
it would most likely sink if transported to the Thames. This illus- 
tration of speciSe gravity is also shown by a model ship, which being 
first floated on the brine, will afterwards sink if conveyed to another 
vessel containing water. One of the tin model ships sddas a magnetic 
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toy answers nicelj for this eiperiment, but it must be weighted or 
nqusted so that it jast floats lu the brine, a; then it will sink, when 
placed, in anothet Teasel coDtHining onl; w&tet. 



Another amusing illuitrntioii of the same kind is displayed with gold 
fish, which swim easilj in water, floating on brine, but cannot dive to 
the bottom of the vessel, owing to the density of the saturated solution 
of salt. If the flsh are taken out immediAtely idler the eiperiment, and 
placed in fresh water, they will not be hurt by contact with the strong- 
salt water. 

These examples of the relative weights of equal bulks, enable the 
youthful mind to grasp the more difficult problem of ascertaining the 
specific gravity of any solid or liquid substance; and here the strict 
meaning of terms should not be passed by. Specijic weight must not be 
confounded with AbsotttU weight ; the latter means the entire amount 
of ponderable matter in any body: thus, twenty-four cubic feet of sand 
we)g^ about one ton, whilst specific weight means the relation that sub- 
sists between the absolute teeight and the volume or tpaee which that 
aeight occtipies. Thus a cubic foot of water weighs sixty-two and a half 

Knnds, or lOOO ounces avoirdupois, bat changed to gold, the cubic 
)t weiehs more than half a ton, and would be equal to about 19,300 
(iance»-3ience Uie relation between the cubic foot of water and that of 
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gold is nearly as 1 to 19*3 ; the latter is therefore called the specific 
gravity of gold. 

Such a mode of taking the specific mvity of different substances— 
viz., bj the weight of eqiud bulks, whetner cubic feet or inches, could not 
be employed in consequence of the difficulty of procuring exact cubic 
inches or feet of the various substances which by their peculiar proper- 
ties of brittleness or hardness would present insuperable obstacles to any 
attempt to fashion or shape them into exact volumes. It is therefore 
necessary to adopt the method first devised by Archimedes, 600 B.C., 
when he discovered the admixture of another metal with the gold of 
£in^ Hiero's crown. 

This amusing story, ending in the discovery of a philosophical truth, 
may be thus described : — ^King Hiero ^ve out &om the royal treasury a 
certain quantity of gold, which he required to be fashioned mto a crown ; 
when, however, the emblem of power was produced by the goldsmith* 
it was not found deficient in weight, but had that appearance which 
indicated to the monarch that a surreptitious addition of some other 
metal must have been made. 

It may be assumed that King Hiero consulted his friend and philoso- 
pher Archimedes, and he might nave said, " Tell me, Archimedes, without 
pulling my crown to pieces, if it has been adulterated with anv other 
metal ?" The philosopner asked time to solve the problem, and going 
to take his accuBtomed bath, discovered then specially what he had never 
particularly remarked before — ^that, as he entered the vessel of water, 
the liquid rose on each side of him — ^that he, in fact, displaced a certain 
Quantity of licfuid. Thus, supposing the bath to have been full of water, 
oirectlv Archimedes stepped in, it would overflow. Let it be assumed 
that tne water displacea was collected, and weighed 90 pounds, whilst 
the philosopher had weighed, say 300 pounds. Now, the train of 
reasoning in his mind might be of this kmd : — '* My body displaces 90 
pounds of water ; if I had an exact cast of it in lead, the same bulk and 
weight of liquid would overflow ; but the weight of my body was, say 
200 pounds, the cast in lead 1000 pounds ; these two sums divided by 
90 would give verv different results, and thej would be the specific 
gravities, because the rule is thus stated: — 'Divide the gross weight by 
uie loss of weight in water, the water displaced, and the quotient gives 
the specific gravity.' " The rule is soon tested with the help of an 
ordinary pair of scales, and the experiment made more interesting by 
taking a model crown of some metal, which may be nicely gilt and 
burnished by Messrs. Elkington, the celebrated electro-platers of Bir- 
mingham. For convenience, the pan of one scale is suspended by 
shorter chains than the other, ana should have a hook inserted in the 
middle ; upon this is placed the crown, supported by very thin copper 
wire. For the sake of argument, let it be supposed that the crown weighs 
17^ ounces avoirdupois, which are duly placed in the other scale-pan, 
and without touching these weights, the crown is now placed in & 
vessel of water. It might be supposed that directly the crown enters 
the water, it would gain weight, in consequence of being wetted^ 

£2 
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bat the contrary b the case, and bj thnutiug the crown into the water, 
it may be seen to rise with great buoyanoj bo long as the ITJ ounces are 
retained iu the other scnle-pAn ; and it will be found necessary to place 
at least two ounces ia the scale-pan to which the crown ia attached 
before the latter sinks in the water ; and thns it is diatinctlr shown tliat 
the crown weighs only about 15^ ounces in the water, and has therefore 
loal instead of gaining weight wmlat immersed in the liquid. The rule 
may now be worked out : 

Onncu- 

Weight of crown in air m 

Ditto iu water I6| 

Leas in water 3 

8-75 

The qnotient 8| demonstrates that the crown is numiifaohired of 
copper, because it would have been aboat 19} if made of puie gold. 
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Table of the Specific Gravities of the Metah in common use. 

Platinum 20-98 

Gold 19-26 to 19-3 and 19-64 

Mercury 13-67 

Lead 11-35 

SUver 10-47 to 10-5 

Bismuth 9*82 

Copper 8-89 

Iron 7*79 

Tin 7-29 

Zinc 6-5 to 71. . 

The simple rule already explained may be applied to all metals of any 
size or weight, and when the mass is of an irregular shape, having 
various cavities on the surface, there may be some difficulty in taking 
the specific gravity, in consequence of the adhesion of air-bubbles ; but 
this may be obviated either oy brushing them away with a feather, or, 
what is frequently much better, by dipping the metal or mineral first 
into alcohol, and then into water, before placing it in the vessel of 
water, by which the actual specific gravity is to be taken. 

The mode of taking the specific gravity of liquids is verv simple, and 
is usually performed in the laboratory by means of a thin globular bottle 
which hdds exactly 1000 srains of pure distilled water at 60° Fahrenheit. 
A little counterpoise of lead is made of the exact weight of the dry 

f lobular bottle, and the liquid under examination is poured into the 
ottle and up to the graduated mark in the neck ; the bottle is then 
placed in one scale-pan, the counterpoise and the 1000-^ain weight in 
the other; if the liquid (such as oil of vitriol) is heavier than water, 
then more weight vnil be recjuired — ^viz., 845 grains — ^and these figures 
added to the 1000 would indicate at once that the specific gravity of oil 
of vitriol was 1-845 as compared with water, which is 1-000. When the 
liquid, such as alcohol, is lighter than water, the lOOO-grain weight will 
be found too much, and ^ram weights must be added to the same scale- 
pan in which the bottle is standing, until the two are exactly balanced. 
If ordinary alcohol is being examined, it wiU be foimd necessary to place 
180 grains with the bottle, and these figures deducted from the lOOO 
grains in the other scale-pan, leave 820, wnich, marked with a dot before 
the first fifl^e {sic -820), indicates the specific gravity of alcohol to be 
less than that of water. 

The di£Ference in the gravities of various liquids is displayed in a 
very pleasing manner by an experiment devised by Professor Griffiths, 
to whom chemical lecturers are especially indebted for some of the most 
ingenious and beautiful illustrations which have ever been devised. 
The experiment consists in the arrangement of five distinct liquids of 
various densities and colours, the one resting on the other, and dis- 
tinguished not only by the optical line of demarcation, but belittle balls 
of wax, which are adjusted by leaden shot inside, so as to sink through 
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tbe upper strata of liqaida, and rest only upon tbe one that it is in- 
tend^ to indicate. 

The manipulatian for Uiis experiment is somewhat troublesome, and 
is commenced b; procuring some pore bright quicksUver, upon which an 
iron bullet (black-leaded, or painted of an; colour) ia placed, or one of 
those prettj glass balls which are sold in suoh quantities at Uie Crystal 
Palace. 

Secondly. Put as mnch white Titriol (sulphate of zinc) into a half 
pint of boiling water aa it will dissolve, and, when cold, pour off the 
clear liquid, make up a ball of coloured was (saj red), and adjust it by 
placing littie shot inside, until it sinks in a solution of sulphate of 
copjper and floats on that of the white ritrioL 

Thirdl;. Make a solution of sulphate of copper in precisely the same 
manner, and adjust another wax ball to aink m water, and float on this 
solution. 
Fourthly. Some clear distilled water must be provided. 
Fifthly. A little cochineal is to be dissolved in sodib common spirits 
of wine (alcohol), and a ball of cork painted white provided. 

Finally. A long cylindrical glass, at least eighteen inches high, and 
two and a half or three inches diameter, must be made to receive these 
five liquids, which are ar- 
ranged in their proper order 
**<** of specific gravity by meana 

of a long tobe and funnel. 
The four balls — viz., the 
w»ter. iron, the two wax, and the 

eork balls, are allowed to 
slide down the bng glass, 
SoIdUoh of Woe vitriol, ^^ich is inclined at anangle; 
and then, by means of the 
tube and funnel, pour in the 
Soiotiou of white yitrioL tincture of cociuDcal, and 
all the halla will remain at 
the bottom of the glass. 
Qoiokinier. The water is poured down 

next, and now the cork ball 
floats up on the wat^r, and 
marks the honndary line of 
the alcohol and water. Then 
Plg.B8.LoiiBMlindriMlRlaM.18x3 1no]isB,con- the solution of blue vitriol, 
Mbiliig Uie fl?B liquids. wlien a wax ball floats upon 

it. Thirdly, the solution of 
white vitriol, n|ion which the second wax ball takes its place ; and lastly, 
the qmcksilver is poured down the tube, and upon this heavy metallio 
fluid the iron or glass ball floats like a cork on water. 

The tube may now be carefully removed, pausing at each liquid, so 
that no mixture take place between them ; aim the result is the arrange- 
ment of five liquids, giving the appearance of a cylindrical glass psintnl 
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-with bands of crimBon, blue, and silver; and the liquids will not mingle 
with each other for many days. 

A more pcnnanent wrangement can be devised by using liquids which 
have no affinity, or will not mix with each other — such as mercury, 
water, and turpentine. 

The specific weight or weights of an equal measnre of air and other 
gases is determined on tbe same principle as liquids, althoogh a diffe- 
rent apparatus is required. A light capped glass globe, with stop-cock, 
from EiO to 100 cubic inches cnpacitr, is weished full of air, then 
eibanated by an air-pump, and weighed, empty, Uie loss being taken as 
the weight of its volume of air ; these figures are carefully noted, 
because air instead of leatgr is the standard of comparison for all gnses. 
When the specific gravity of any other gas is to be token, the ^laas 
^obe ia ^ain exhanst«d, and screwed on to a gas jar provided with a 
proper sl«p-cock, in which the gas is contained ; and when perfect 
Accuracy is required, the gas must be dried by passing it over some 
asbestos moistened with oil of vitriol, and contained in a glass tube, and 
the gas jar should stand in a mercurial trough. (Fig. 70.) The stop- 




Flj!. 70. 1. Oliw globe to codWd 



cocks are gradually turned, and the gas admitted to tbe exhausted globe 
from the gas jar ; when full, the cocks ace turned off, the globe unscrewed, 
and Again weighed, and by the coinmon rule of proportion, as the weight 
of the air first found is to the weight of the gas, so is unity (I'OOO, the 
density of air) to a number which expresses the density of tbe gae 
leqnired. . If oxygen had been the gas tned, the number would be I'lll, 
being the specific gravity of that g^eoua element. If chlorine, 9'4!70. 
Carbonic acid, 1'500. Hydrogen being much less than air, the number 
would only be 69, or decimally 0'069. 

1 J _ - .:■ , .. rrect BDecific (rravilj ^^^..-, ._, 

le gas, such as 
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ordinary coal gas) is obtained by suspending a light pa])er box, with holes 
at one end, on one arm of a bsQance, and a counterpoise on the other. 
The box can be made carefully, and should have a capacity equal to a 




Fig. 71. A. The balance, b. The paper box, of a known capacity, o. Gas-pipe blowing 
in coal-gas, the arrows showing entrance of gas and exit of the air. 

half or quarter cubic foot ; it is suspended with the holes downward, and is 
Med by blowing in the coal nis until it issues from the apertures, and can 
be recognised by the smeU. The rule in this case would be equally simple : 
as the Ibiown weight of the half or quarter cubic foot of common air is 
to the weight of the coal gas, so is 1*000 to the number required. 

(^•71-) 
As an illustration of the different specific weights of the gases, a 

small balloon, containing a mixture of hydrogen and air, may be so 
adjusted that it will just sink in a tall glass shade inverted and sup- 
ported on a pad made of a piece of oilcloth shaped round and bound 
with list. On passing in quickly a large quantity of carbonic acid, the 
little balloon will float on its surface ; and if anotner balloon, containing 
only hydrogen, is held in the top part of the open shade, and a sheet of 
glass carefully slid over the open end, the density of the gases (although 
they are perfectly inyisible) is perfectly indicated ; and, as a climax to 
the experiment, a third balloon can be filled with laughing gas, and 
may be placed in the glass shade, taking care that the one full of pure 
hyor^en does not escape ; the last balloon will sink to the bottom oi the 
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jti, becanse laoghiiig gas is 
nlmost as henTj as carbonio 
acid, and the veight of tfae 

balloon will determine its 
descent. (Fig. 72.) 

A aoap-bnhble will rest 
most perTectlf ou a sorfooe 
of carboaiciicidgaa.andthe 
aerial and olasuc coshion 
supports the bubble till it 
bursts. The experiment is 
best perTonaed by taking a 
elass shade tweire inches 
broad and deep in propor- 
tion, and resting it on a 
pad; half a pound of sea- 
qnicarbonate of soda is 
a placed in the vessel. 



Fig. 72. Inrerttd : 



iKUu 



glui ili*de, nmlaliilKg lu^ 



and upon this is poured a miiture of half a pint of oil of vitriol and half . 
a pint of water, the latter being previously jniied and allowed to oool 
before nse. An enormous quantitj of oarbonio acid gas is suddenly gene- 
rated, and rising to the edge, OTerflows at the top of the glass ahade. A 
well-formed soap-bubble, detached neatly from the end of a glaas-tnbe, 
oscillates gentiv on the surface of the heavy gas, and presents a most 
curious and pleasing appearance. The soapy water is prepared by 
cutting a few pieces of ydlow soap, and placing them in a two-onnce 



enUDg cuboDia add 
uBp-bobble, which 



eiJko.Thi 



bottle containing distilled water. (Fig. 73.) The specific gravity of the 
gases, may therefore be either greater, or less than atmosphtnic air. 
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wbich has been already mentioned as the standard of comparison, and 
examined by this test the vapours of some of the compounds of carbon 
and hydrogen are found to possess a remarkably nigh gravity ; in 
proof of which, the vapour of ether may be adduced as an example^ 
jdthough it does not consist only of the two elements mentioned, but 
contains a certain quantity of oxygen. In a cylindrical tin vessel, two 
feet high and one foot in diameter, place an ordinary hot-water plate, 
of course full of boilinff water ; upon this warm surface pour about half 
an ounce of the best etner ; and, after waiting a few minutes until the 
whole is converted into vapour, take a syphon made of half-inch pewter 
tube, and warm it by pourmg through it a little hot water, taking care 
to allow the water to orain away from it before use. After placing the 
syphon in the tin vessel, a light may be applied to the extremity of the 
lon^ leg outside the tin vessel, to show that no ether is passing over 
until the air is sucked out as with the water-syphon; and after this has 
been done, several warm glass vessels maybe Med with this heavy 
vapour of ether, which bums on the application of flame. Einally, the 
remainder of the vapour may be burnt at the end of the syphon tube, 
demonstrating in tiie most satisfactory manner that the vapour is 
flowing through the svphon just as spirit is removed by the distillers 
from tne casks into cellars of the public-houses. (Fig. 74;.) 








Fig. 74. A. Tin yessel containing the hot-water plat^ b, upon which the ether is 
poured, o. The qrphon. n. Glass to receive the vanour. x. Combostloa of the ether 
vapour in another vessel. 
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Before dismissing the important subject of specific gravity (or, as it 
is termed by the French savants, ** density"^, it may be as well to state 
that astronomers have been enabled, by taking the density of the earth 
and by astronomical observations, to calculate the gravity of the planets 
belonging to our solar system ; and it is interesting to observe tnat the 
density of the planet Venus is the only one approaching the gravity of 
the earth : — 

TheEarth . 1*000 

The Sun -254 

The Moon 742 

Mercury 2-583 

Venus 1-037 

Mars -650 

Jupiter '258 

Saturn -104. 

Herschel '220 



CHAPTER VI. 

ATTBACTION OP COHESION. 

Ik previous chapters one kind of attraction— viz., that of gravita- 
tion, has been discussed and illustrated in a popular manner, and 
pursuing the examination of the invisible, active, and real forces of 
nature, the attraction of cohesion will next engage our attention. 
There is a peculiar satisfaction in pursuing such investigations, because 
every step is attended by a reasonable proof; there is no ghostly 
mystery in philosophic studies ; the mind is not suddenly startled at one 
moment with that which seems more than natural ; it is not carried away 
in an ecstasy of wonder and awe, as in the so-called sptrit-rapping ex- 
periments, to be again rudely brought back to the material by the (usdo- 
sure of trickeries of the most ludicrous kind, such as those lately ex- 
posed by M. Jobert de Lamballe, at the Academy of Sciences at Jraris. 
This gentleman has unmasked the effrontery of the spirit-rappers by 
merely stripping the stocking from the heel of a young girl of fourteen. 
M. Velpeau declares that the rapping is produced by the muscles of the 
heel and knee acting in concert, and quotes the case of a lady once 
celebrated as a medium, who has the power of producing the most 
curious and interesting music with the tendons of the tliigh. This 
music is said to be loud enough to be heard from one end of a long 
room to the other, and has often played a conspicuous part in the reve- 
lations made by the medium. M. Jules Glocquet also explained the 
method by which the famous girl pendulum had so long abused the cre- 
dulity of the Paris public. This girl, whose self-styled faculty is that 
of striking the hour at any time of the day or night, was attended at 
the Hospital St. Louis by M. Glocquet, who states that the vibrations in 
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this case were produced by a rotatory motion in the lumbar regions of 
the vertebral column. The sound of these (a la rattlesnake) was so 
powerful, that they might be distinctly heard at a distance of twenty- 
five feet. 

In studying the powers of nature, which the most sceptical mind 
allows must exist, there is an abundant field for experiment without 
attempting the exploits of Macbeth's witches, or the fanciful powers of 
Manfred ; and, returning to the theme of our present chapter, it may be 
asked, how is cohesion defined? and the answer may be given, by 
directing attention to the three physical conditions of water, which 
assumes the form of ice, water, or steam. 

In the Polar regions, and also in the Alpine and other mountains 
where glaciers exist, there the traveller speaks of ice twenty, thirty, forty, 
nay, three hundred feet in thickness. Here the withdrawal of a certain 
quantity of heat from the water evidently allows a new force to come 
into full play. We may call it what we like ; but cohesion, from the Latin 
cuntf together, and Aareo, I stick or cleave, appears to be the best and 
most rational term for this power which tends to make the atoms or 
particles of the same kind of matter move towards each other, and to 
prevent them being separated or moved asunder. That it is not merely 
hypothetical is shown by the following experiments. 

If two pieces of leaa are cast, and the ends nicely scraped, taking 
care not to touch the surfaces with the fingers, they may by simple 
pressure be made to cohere, and in that state of attraction may oe lifted 

from the table by the ring which is 
usually inserted for convenience in 
the upper piece of lead; they may be 
hung lor some time from a proper 
support, and the lower bit of lead 
will not break away from the upper 
one ; they may even be suspended, as 
demonstrated by Morveau, m the va- 
cuum of an air-pump, to show that the 
cohesion is not mistaken for the pres- 
sure of the atmosphere, and no se- 
paration occurs. And when the union 
is broken by physical force, it is sur- 
prising to notice the limited number 
of points, like pin points, where the 
cohesion has occurred; whilst the 
weight of the lump of lead upheld 
agamst the force of gravitation re- 
minds one forcibly of the attraction 
of a mass of soft iron by a powerful 
ma^et, and leads the pmlosophic in- 
Fig. 75. A ▲. Two pieces of lead, scraped quirer to speculate On the principle 

^l?^'?S?^"k£JdnSJidSd «f '^^f^ ^^ °»ly some masked 
to each other by cohesion. lorm of magnetic or electrical attrac- 

tion. (Fig. 75.) 
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A fine example of the same force is shown in the use of a pair of flat 
iron surfaces, planed by the celebrated Whitworth, of Manchester. 





Fig. 76. A. Whitworth's planes, with film of air between them. 
B. Film of air excluded when cohesion occurs. 

These surfaces are so true, that when placed upon each other, the upper 
one will freely rotate when pushed round, in consequence of the toin 
film of air remaining between the surfaces, which acts like a cushion, 
and prevents the metallic cohesion. When, however, the upper plate is 
slid over the lower one gradually, so as to exclude the air, then the two 
mav be lifted together, because cohesion has taken place. (Fig. 76.) 

A glass vessel is a good example of cohesion. The materials of which 
it is composed have been soft and liquid when melted in the fire, and on 
the removal of the excess of heat it has become hard and solid, in 
consequence of the attractive force of cohesion binding the particles 
together; in the absence of such a power, of course, the material would 
fall into the condition of dust, and a mere shapeless heap of silicates of 

Eotash and lead would indicate the place where the moulded and co- 
erent glass would otherwise stand. 

A lump of lead, six inches long by four broad, and half an inch 
thick, may be supported by dexterously taking off a thick shaving 
with a proper plane, and after pressing an inch or more of the strip on 
the planed sunace of the large lump of lead, the cohesion is so powerful 
that the latter may be lifted from tne table by the strip of metal. 

The bullets projected from Perkins' steam igun, at the rate of three 
hundred per minute, are thrown with such vioSnce, that, when received 
on a thick plate of lead badsed up with sheet iron, a cold welding takes 
place between the two surfaces of metal in the most perfect manner, 
just as two soft pieces of the metal potassium may be saueezed and 
welded together. The surfaces of an apple torn asunder will not readily 
eohere, but if cut with a sharp knife, cohesion easilv occuiji ; so with a 
wound produced by a jagged surface, it is difficult to mike the parts 
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heal, whereas some of the most desperate sabre-cuts have been healed, 
the cohesion of the surfaces of cut flesh being yerr rapid; hence, if the 
top of a finger is cut o£P, it may be replaced, and will grow, in conse- 
quence of the natural cohesion of the parts. 

The art of plating copper with silver, which is afterwards dlt, and 
then drawn out into flattened wire for the manufacture of gold lace and 
epaulets, usually termed bullion, is another example of the wonderful 
cohesion of the particles of ^Id, of which a single grain may be ex- 
tended over the nnest plate wire measuring 345 feet inlength. 

The process of making wax candles is a good illustration of the 
attraction of cohesion ; they are not generally cast in moulds, as most 
persons suppose, but are made by the successive applications of melted 
wax around the central plaited wick. Other examples of cohesion are 
shown by icicles, and also stalagmites ; which latter are produced bv the 
gradual dropping of water containing chalk (carbonate of lime) held in 
solution by the excess of carbonic acid gas ; the solvent gradually 
evaporates, and leaves a series of calcareous films, and these cohere in 
succession, producing the most fantastic forms, as shown in various 
remarkable caverns, and especially in the cave of Arta, in the island of 
Majorca. 

In metallic substances the cohesion of the particles assumes an im- 
portant bearing in the question of relative toughness and power of 
resisting a stram ; hence the term cohesion is modified into that of the 
property of "tenacity." 

The tenacity of the different metals is determined by ascertaining the 
weight required to break wires of the same length and goage. Iron 




Fig. 77. B. Pan i npported by leaden wire broken bj a weight which the iron 

wire at a easily supports. 

appears to possess the property of tenacity in the greatest, and lead ia 
the least degree. (Eig. 77.) 
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The tenacity of iron is taken advantage of in the most scientific 
manner by the great engineers who have constructed the Britannia Tube, 
and that eighth wonder of the world, the Leviathan, or Great Eastern 
steam-ship. In both of these sublime embodiments of the genius and 
industrial skill of Great Britain the advantage of the cellular principle 
is folly recognised. The magnitude of this colossal ship is better 
realized when it is remembered that the Great Eastern is six times the 
size of the Duke of Wellington^toi^vX^Xt ship, that her length is more 
thfloi three times that of the height of the Monument, while in breadth 
it is equal to the width of Pall Mall, and that a promenade round the 
deck will afford a walk of more than a quarter of a mile. Up to the 
water-mark the hull is constructed with an inner and outer shell, two 
feet ten inches apart, each of three-quarter-inch plate; and between 
them, at intervals of six feet, run horizontal webs of iron plates, which 
convert the whole into a series of continuous cells or iron boxes. (Fig. 78.) 




F\s. 78. Transverse section of Great JEatiem, showing the cdlnlar eonstraction 

from keel to water-line^ a ▲. 

This double ship is useful in various ways ; in the first place, the 
danger arising from collision is diminished, as it is supposed that the 
outer web only would be broken through or damaged; so that the water 
would not then rush into the steam-ship, but merely fill the space 
between the shells. In the second place, if there should oe any difficulty 
in {>rocnring ballast, the space can be filled with 2500 tons of water, or 
again pumped out, accormng to the requirements of the vessel. The 
s&ength of a continued cellmar construction can be easily imagined, and 
may be well illustrated by a thin sheet of common tin plate, u the ends 
be rested on blocks of wood, so as to lap over the wood about one inch, 
they are easily displaced, and the mimic bridge broken down from its 
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BQpporte b; tJie addition to the centre of a few ounce weights ; whilst 
the same tin plate loUed np in the figure of a tniM, and aeain rested on the 
same blocks, will no\r snpport man; pounds weight witnout bending or 
breaking down. (Kg, 79.) 



^. 7». ±. FUt tin iMc, breakliiK dowD wilh a ftn ounce welgbts. 
V. Same tin plate Tolled up anpperte m Teij heavy weight. 

The deck of the ship is double or cellular, after the plan of Stephenson 
in the Britannia Tnbalar Bridge, and is 6fl2 feet in Wth. iTie ton- 
nage tedster is 18,300 tons, and 33,500 tons builder's meaaore; 
the hnlTof the Great Eoilem is considered to he of such euotmous 
tenacity, that, if it were supported bv massive blocks of stone six feet 
square, pkced at each end, at stem anaatern, it wonldnot deflect, curve, 
or hend^ down in the middle more than ttx inehe* even with all her 
raachineij, coals, car^, and Living freight. 

In adducing remarkable instances of the adhesive power and tenaut; of 
inorganic matter, it ma; not be altogether ont of pmce to allude to the 
strength and force of living matter, or mnscular power. It is stated that 
Dr.GeorgeB.WinsHp, of Eosbwy in America, ajoungphjsioian, twenty- 
flve years old, and weighing 143 ponnds, is the strongest man ah'vc ; in 
fact, quite the Samson of the nineteenth century. He can raise a barrel of 
flour from the floor to his shoulders ; can raise himself with either lUtlt 
finger till his chin is half a foot above it; can raise 200 pounds with 
either Kttle finger ; can put up a church heil of 141 pounds ; can lift with 
his hands 926 pounds aead wei^t without the aid of straps or belts of 
any kind. As compared with Topham, the Ckimish strong man, who 
could raise 800 pounds, or the Belgic one, his power ia greater ; and 
as the use of straps ami belts increases the power of lifting by about 
four times, it is stated that Winship could lift at least 3500 pounds 
weight. 

With these illustrations of cohesion we may return again to the ab- 
stract consideration of this power with reference to water, in which we 
have noticed that the antagonist to this kind of attraction ia the force or 
power termed caloric or heat. The latter influence removes the frozen 
bands of winter and converts the ice to the next condition, water. In 
this state cohesion is almost concealed, although there is ;u9t a slight 
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excess to hold even the particles of water in a state of unity, and 
this fact is beautifully illustrated by the formation of the brilliant dia- 
mond drops of dew. on the surfaces of yarious leaves, as also in the force 
and power exercised by great volumes of water, which exert their mighty 
strength in the shape of breaker-waves, ds^hing against rocks and 
lighthouses, and making them tremble to their very base by the violence 
of the shock ; here there must be some unitv of particles, or the col- 
lective strength could not be exerted, it would be fike throwing a hand- 
ful of sand against a window — a certain amount of noise is produced, but 
the glass is not fractured ; wlulst the same sand united by any glutinous 
material, would break its way through, and soon fracture the brittle 

flass. It is so usual to see the particles of water easily separated, that it 
ecomes difficult to reco^se the presence of cohesion ; but this bond of 
union is well illustrated in the experiment of the water hammer. The 
little instrument is generally made of a glass tube with a bulb at one 
end; in this bulb the water which it contains is boiled, and as the steam 
issues from the other extremity, drawn out to a capillary tube, the open- 
ing is closed by fusion with the heat of a blowpipe flame. As the 
water cools the steam condenses, and a 
vacuum, so far as air is concerned, is 
produced; if now the tube is suddenly 
inverted, the whole of the water falls en 
masse, collectively, and striking against 
the bottom of the tube, produces a me- 
tallic ring, just as if a piece of wood or 
metal were contained within the tube. 
If the end to which the water falls is 
not well cushioned by the palm of the 
hand, the water hammers itself through 
and breaks away that part of the glass 
tube. Hence it is better to construct the 
water hammer of copper tube, about 
three-quarters of an inch in diameter and 
three feet long ; at one end a female screw- 
piece is inserted, into which a stop-cock 
IS fitted; when the tube is filled to the 
height of about six inches with water, and 
shaken, the air divides the descending 
volume of water, and the ordinary splash- 
ing sound is hesurd ; there is no umty or 
conesion of the parts ; i^ however, the 
end of the copper tube is thrust into 
a fire and the water boiled so that steam 
issues from the cock, which is then closed, 
and the tube removed and cooled, a smart 
blow is given, and distinctly heard when hammer. 
the copper tube is rapidly inrerted or ;5»tS|h?Sf^w^^,^„"<l 

shaken so as to cause the water to nse the end to be placed in the fire at c. 




Fig. 80. A. Ordinary glass water 
B. Copper tabe ditto. 
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and fall. The experiment may be rendered still more instructive by 
turning the cock and admitting the air, which rushes in with a whizzing 
sound, and on shaking the tube the metallic rin^ is no longer heard^ 
but it may be again restored by attaching a small air syringe or hand 
pump, and removing the air by exhaustion. (Fig. 80.) 

In the fluid condition water still possesses a surplus of cohesion over 
the antagonistic force of heat ; when, however, the latter is applied in 
excess, then the quasi-struggle terminates; the heat overpowers the 
cohesive attraction, and converts the water into the most willing slave 
which has ever lent itself to the caprices of man — ^viz., into steam — 
glorious, useful steam : and now the other end of the chain is reached, 
where heat triumphs ; whilst in solids, such as ice, cohesion is the con- 

?ueror, and the intermediate link is displayed in the fluid state of water, 
f any fact could give an idea of the gigantic size of the Great Eastern, 
it is the force of the steam which will be employed to move it at the 
rate of about eighteen miles per hour with a power estimated at the nomintd 
rate of 2600 norses, but absolutely of at least 12,000 horses. This 
steam power, coupled with the fact that she has been enormously 
strengthened in her sharp, powerful bows, by laying down three complete 
iron decks forward, extending from the bows backward for 120 feet, will 
demonstrate that in case of war the Great Eastern may prove to be a 
powerful auxiliary to the Government. These decks will be occupied 
oy the crew of 300 or 400 men, and with this large increase of strength 
forward, the Great Eastern, steaming full i)ower, could overtake and cut 
in two the largest wooden line-of-battle snip that ever floated. Should 
war unhaopily spread to peaceful England, and the enormous power of 
this vessel be realized, her name would not inappropriately be changed 
from the Great Eastern to the Great Terror or the ocean. The Times 
very properly inquires, " What fleet could stand in the way of such a 
mass, weighing some 30,000 tons, and driven through the water by 
12,000 horse-power, at the rate of twenty-two or twenty-three miles per 
hour. To produce the steam, 250 tons of coal per diem will be re- 
quired, and great will be the honourable pride of the projectors when they 
see her fairly afloat, and gliding througn the ocean to the Far West." 

A good and striking expenment, displaying the change from the 
liquid to the vapour state, is shown by tying a piece of sheet caoutchouc 
over a tin vessel containing an ounce or two of water. When this boils, 
the india-rubber is distended, and breaks with a loud noise; or in 
another illustration, by pouring some ether through a funnel carefully 
into a flask placed in a rmg stand. If flame is applied to the orifice, 
no vapour issues that will ignite, provided the necK of the flask has not 
been wetted with the ether. When, however, the heat of a spirit-lamp 
is applied, the ether soon boils, and now on the application of a lighted 
taper, a flame some feet in lensth is produced, which is regulated by the 
spirit-lamp below, and when this is removed, the length of the flame 
diminishes immediately, and is totally extinguished if the bottom of the 
flask is plunged into cold water ; the withdrawal of the heat restores the 
power of cohesion. Another illustration of the vast power of steam 
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will be shortly displayed in the Steam Earn ; and, " Supposing,'' says the 
Times, ''the new steam ram to prove a successful aesigu, the finest 
specimens of modem men-of-war will be reduced by comparison to the 
helplessness of cock boats. Conceive a monstrous fabric floating in 
mia-channel, fire proof and ball proof, capable of hurling broadsides of 
100 shot to a distance of six miles ; or of clapping on steam at pleasure 
and running down everything on the surface of the sea with a momentum 
utterly irresistible. 

" This terrible engine of destruction is expected to be itself indestruc- 
tible. We are told that she may be riddled with shot (supposing any 
shot could pierce her sides), that she may have her stem and her stern 
cut to pieces, and be reduced apparently to a shapeless wreck, without 
losing ner buoyancy or power. Supposing that she relies upon the 
shock of her impact instead of fighting her ^uns, it is calculated that 
she would sink a Une-of-battle ship in three mmutes, so that a squadron 
as large as our whole fleet now in commission would be destroyed in about 
one hour and a quarter." 



CHAPTER Vn. 

ADHESIVE ATTBACTION. 

The term cohesion mnst not be confounded with that of adhesion, which 
refers to the clinging to or attraction of bodies of a dissimilar kind. The 
late Professor Daniell defines cohesion to be an attraction of homogeneous 
(6f»6g, like, and ytvos, kind) or similar particles ; adhesion to be an at- 
traction subsisting between particles of a heterogeneous, crcpor, different, 
and yewf, kind. 

There are numerous illustrations of adhesion, such as mending china, 
and the use of glue, or paste, in uniting different surfaces, or mortar, in 
building with bricks; it is also well shown at the lecture table by means 
of a pair of scales, one scale-pan of which being well cleaned with alkali at 
the bottom, may then be rested on the surface of water contained in a 
plate ; the adhesion between the water and the metal is so perfect, that 
many grain weights may be placed in the other pan before the adhesion 
is broken ; and after breakage, if the pan be again placed on the water, 
and a few grains removed from the other, so as to adjust the two pans, 
and make them nearly equal, a drop of oil of turpentine being added, in- 
stantly spreads itself over the water, and breaking the adhesion between 
the latter and the metal, the scale-pan is immediately and again broken 
awav, as the adhesion between the turpentine and the metal is not so great 
as tnat of water and metal. The adhesion of air and water is well dis- 
played in an apparatus recommended for ventilating mines, in which a 
<X)nstaat descenmng stream of water carries with it a quantity of air, 
which being disengaged, is then forced out of a proper onfice. The same 
kind of adnesion between air and water is (usplayed in the ancient 
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Spanish Catalan forge, where the blast 
is supplied to the iron furnace on a simi- 
lar pnnciple, only, a natural cascade is 
taken advantage of instead of an artificial 
fall of water tnroush a pipe. 

The adhesion of air and water be- 
comes of some yalue when a river 
flows through a lar^e and crowded city, 
because the water in its passa^ to and 
fro, must necessarily drag with it, a 
continuous column of air, and assist 
in maintaining that constant agitation of 
the air which is desirable as a preventive 
to any accumulation of noxious air 
charged with fcetid odours, arising from 
mud bulks or from other causes. The 
fact of adhesion, existing between water 
and air, is readily shown, by resting one 
end of a long guiss tube, of at least one 
inch diameter, on a block of wood one 
foot hk;h. If water is allowed to flow 
down the tube, so as to leave a sufficient 
space of air above it, the adhesion be- 
tween the two ancient elements becomes 
apparent, directly a little smoke is pro- 
duced, near the top end of the glass tube 
resting on the block of wood. The 
smoke, which has a greater tendei^cy to 
rise than to fall, is oragged down the 
glass tube, and accompanies the water 

Tig. 81. Model of the apparatn. ^ ^\ ^^^ ^^^ ^^^ {"S^ier to the lower 

for drawioff down air. a, cutem of level. The same truth IS aJso illustratea 

water, suppled by ball-cock, and kept in horizontal troughs or tubes through 
at one level, so that the water jnst ,., i. • ^^ j x ji ^ 

mna down the sides of the tnbe, and Wllicn water IS causcd tO IlOW. 

draws down the air in the centre, b The adhesion between air and glass is 

S.^'«!;i^vW1l^%S' soKr«»t that it is absolutely necessary 
tube, T. There is another ball- to boil the mercury in the tubes of the 

best barometers; and if this is not 
carefully attended to, the adhering air 
between the gkss and mercury gra- 
dually ascends to, and destroys, the 
Torricellian vacuum at the top of the barometer tube. Even after 
the mercury is boiled, the air will creep up in course of years ; and 
in order to prevent its passage between the glass and Quicksilver, it 
has been recommended, that a platinum ring should be welded on to the 
end of the glass tube, because mercury has the power of wetting or en- 
fllming the metal platinum, and the two being in close contact, womcC as it 
were, shut the only door by which the air could enter the barometer tube. 




cock to permit the waste water to 
run away when it reaches a certain 
level ; the end of the pipe always dips 
some inches into this water, whilst 
the air escapes firom the jet, n. 
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CAPILLAET ATTRACnOir. 

This kind of attraction is termed capilluy, in consec[aence of tubes, of 
a calibre, or bore, as fine as hair, attracting and retaining fluids. 

If water is poured into a slass, the surface is not level, but cupped 
at the edges, wuere the solid ^iass exerts its adhesiye attraction for the 
liquid, and draws it from the level. If the glass be reduced to a very 
narrow tube, having a hair-like bore, the attraction is so great that the 
water is retained m the tube, contrary to the force of gravitation. 
Two pieces of flat glass placed close together, and then opened like a 
book, draw up water between them, on the same principle. A mass of 
salt put on a plate containing a little water coloured with indigo displays 
this Jdnd of attraction most perfectly, and the water is quickly drawn up, 
as shown by the blue colour on the salt. A little solution of the ammonio- 
sulphate of copper imparts a finer and more distinct blue colour to the 
salt. A piece of dry Honduras mahogany one inch square, placed in a 
saucer containmg a little turpentine, is soon found to be wet with the 
oil at the top, which may^then be set on fire. 

Almost every kind of wood possesses capillary tubes, and will float, on 
account of these minute vessels bein^ filled with air ; if, however, the air is 
withdrawn, then the wood sinks, ana by boiling a ball made of beech wood 
in water, and then placing it under the vacuum of an air pump in 
other cold water, it becomes so saturated with water that it will no 
longer float. A remarkable instance of the same kind is mentioned br 
Scoresby, in which a boat was pulled down hj a whale to a great depth 
in the ocean, and after coming to the surface it was found that the wood 
would neither swim nor bum, the capillary pores being entirely filled 
with salt water. 

A piece of ebony sinks in water on account of its density, closeness, 
and freedom from air. A gauge made of a piece of oak, with a hole 
bored in it of one inch diameter, accurately receives a dry plu? of willow 
wood which will not enter the orifice after it is wetted. Miflstones are 
split by inserting wedges of dry hard wood, which are afterwards wetted 
and swelled, and burst the stone asunder. One of the most curious 
instances of capillary attraction is shown in the currying of leather, a 
process which is intended to impart a softness and suppleness to the 
skin, in order that it may be rendered fit for the manufacture of boots, 
harness, machine bands, &c. The object of the currier is to fill the 
pores of the leather with oil, and as this cannot be done by merely 
smearing the surface, he prepares the way for the oil by wetting the 
leather thoroughlif with water, and whilst the skin is damp, oil is 
rubbed on, and it is then exposed to the air ; the water evaporates 
at ordinary temperatures, but oil does not ; the consequence is toat the 
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pores of the leather give up the water, which disa^ears in evaporation, 
wid the oil by oapillarj attraction is then drawn into the body of the 
leather, the oil in fact takes the place mcated b; the water, and renders 
the material verr snpple, and to a considerable extent waterproof. In 
paper making, the pores of this material, unless filled up or sized, caose 
the ink to blot or spread b; capillarv attraction. The porositj of soils is 
one of the great dcsideratums of the skilful agriculturist, and drainage 
is intended to remove the excess of water whidi would fill the pores of 
the earth, to the escluaion of the more valuable dews and rains con- 
veying nutritious matter derived from manures and the atmosphere, 

A cone is an assemblage of small tubes, and if a pieoe of about six 
inches in length (cut off, of course, from the joints) be placed in a bottle 
of turpentine, the oil is drawn up and may bo burnt at the top ; it is oa 
this principle that indestmctihle wicks of asbestos, and wire gauze 
rolled round a centre cote, arc used in spirit lamps. Oil, was, and 
tftUow, aU rise by capillary attraction in the wicks to the flame, where 
thev are boiled, converted into gas, and burnt. 

The capillary attraction of skeins of cotton for water was known 
and appreciated by the old alchemists; and Geber, one of the most 
ancient of these pioneers of science, and who lived abont the seventh 
oentnry, describes a filter by which the liquid is separated from the 
solid. This experiment is well displayed by putting a solution of 
acetate of lead into a o^s, which is pteced oa the highest block of a 
series of three, arranged as steps. Into this gloss is placed the short end 
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of a skein of lamp cotton, previously wetted with distilled water ; the lon^ 
end dips into another glass below, containing dilate sulphnric acid, and 
as the solution of lead passes into it, a solid wite precipitate of sidphate 
of lead is formed ; then another skein of wetted cotton is placed in 
this glass, the long end of which passes into the last glass, so that the 
clear li(}uid is separated and the solid left behind. (Eig. 83.) 

In this filter the lamp cotton acts as a syphon through the capillary 
pores which it forms. On the same principle, a prawn may be washed 
in the most elegant manner (as first snown by the late Duke of Sussex), 
by placing the tail, after pulling off the fan part, in a tumbler of water, 
ana allowing the head to nan^ over, when the water is drawn up by 
capillary attraction, and continues to run throu^^h the head. (Fig. 83.^ 
The threads of which linen, cotton, and woollen doths are made are small 
cords, and the shrinkage of such textile fabrics, is well known and 
usually inquired about, when a purchase is made ; here again capillary 
attraction is exerted, and the fabric contracts in the two directions of 
the warp and woof threads ; thus, twenty-seven yards of common Irish 
linen will permanently shrink to about twenty-six yards in cold water. 
In these cases the water is attracted into the nbres of the textile 
material, and causing them to swell, must necessarily shorten their 
length, just as a dry rope stramed between two walls for the purpose of 
supporting clothes, has been known to draw the hooks after being sud- 
denly wetted and shortened by a shower of rain. 

In order to tighten a bandage, it is only necessary to wind the dry 
linen round the limbs as dose as possible, and then wet it with water^ 
when the necessary shrinkage takes place. 

If a piece of dry cotton cioth is tied over one end of a lamp glass, the 
other may be thrust into, or removed from the basin of water very easily, 
but when the cotton is wetted, the fibres contract and prevent air from 
entering, so that the glass retains water just as if it were an ordinary 
gas jar closed with a glass stopper. 

A Spanish proverb, expressing contempt, says, "go to the well with 
a sieve,'' but even this seeming impossibility is surmounted by usii^ a 
cylinder of wire gauze, which may be filled with water, and by means of 
the capillary attraction 
between the meshes of ^^^ 

the copper-wire gauze ^ .yzI^S^ .-^ 

and the water, the whole ^^ / \ ^ 

is retained, and may be \ ^ ^x ^^^Z^T '^^T'^/ 

carefully lifted from a \ u^^_^_g_|^^ a/ 

basin of water ; the ex- ^ ^^^^|^^^^^^^^B // 

periment only succeeds \s^^^^^^^^^^^^m>y 

when the air is com- ^^B^^^^^^^^5^5^ 

pletely driven out of the ^ " ^^y"^ 

interstices of the eauze, — — 

and the little cylinder « , , . /,_« ^ * • 

-.«— ^i«*«l«. an^A «r;+k Pijr. 84. a. Basin of water, b. Cylinder of wire gaxize 
completely fiUed Wlth^^-^^^^^^^^^^^^, Whin fuU of water it may 

water ; this may be done be lifted from the basin by the handle, o. 
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hj repeatedly Binking and drawiue out the cylinder, or stffl more 
enectiuilly, by first wetting it with alcohol and then dipping the cylinder 
in water. 

A balloon, made of cotton cloth, cannot be inflated b^ means ofapiur 
of bellows, bnt if the balloon is wett«d with water, then it may be swelled 
out with air just as if it had been made of some air-tight material ; 
' hence the principle of Tarnishing silk or filling the pores with boiled oil, 
when it is reqou'ed in the manuiacture of balloons. 

Biscuit ware, poroas tubes for voltaic batteries, alcarrazas, or water 
coolers, are all examples of tbe same principle. 

Whilst speaking most favourably of the benevolent labours of many 
eentlemen (berinning with Mr. Gomey) who have erected " Drinking 
Fountains" in London's dosty atmosphere and crowded streets, it most 
not be forgotten that pious Mohaoimedans hare, in bygone times, already 
set ua the example in this respect ; and in the palmy days of many of 
the Moorish cities, the tbinty citizen coold always be refreshed by a 
draught of cool water from the porous bottles provided and endowed bv 
charitable Uussulmans, and placed in the pnblio streets. 



It has been already stated that the force of cohesion binds the similar 
particles of snbstajiceB togetber, trhethei thej be amorphout or shape- 
less, ayttalliae or of a regnkr ajminetricBl and mathematical figure. 



Tig.ee. CijBtili of mow. 

Tbe term crystal was origina]!; applied b; the ancients to silica in the 
form of what is uauallj termed rode crystal, or Brazilian pebble ; and 
l^ey supposed it to be water which had been solidified by a remarkable 
intensity of cold, and could not be thawed by any ordinary or summer 
heat. Indeed, this idea of the ancients has been embodied (to a certain 
extent) in tbe shape of artificial ice made by crystallizing large qnan- 
tities of sulphate of soda, which was made as flat as possible, and upon 
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which skaters were invited to describe the figure of eight, at the usual 
admittance fee, representing twelve pence. A crystal is now defined to 
be an inorganic body, which, b^ the operation of affinity, has assumed 
the form ot a regular solid terminated by a certain numlfer of planes or 
smooth surfaces. 

Thousands of minerals are discovered in the crystallized state — such as 
cubes of iron pyrites (sulphuret of iron) and of fluor spar (fluoride of 
calcium), whilst numerous saline bodies called salts are sold only in the 
form of crystals. Of these salts we have excellent examples in Epsom 
salts (sulphate of magnesia), nitre (nitrate of potash), alum (sulphate of 
alumina), and potash ; the term salt being applied specially to all sub- 
stances composed of an acid and a base, as also to other combinations 
of elements which may or may not take a crystalline form. Thtis, nitre 
is composed of nitric acid and potash; the first, even when much 
diluted, rapidly changes paper, dipped in tincture of litmus and stained 
blue, to a red colour, whilst potash shows its alkaline nature, by chan^ng 
paper, stained yellow with tincture of turmeric, to a reddish-brown. The 
latter paper is restored to its original yellow by dipping it into the 
dilute nitric acid, whilst the litmus paper regains its delicate blue colour 
by being passed into the alkaline solution. An acid and an alkali com- 
bme ana form a neutral salt, such as nitre, which has no action whatever 
on litmus or turmeric; whilst the element iodine, which is not an acid, 
unites with the metallic element potassium, ' and therefore not an 
alkali, and forms a salt that crystallizes in cubes called iodide of 
potassium. Again, cane su^ar, wmch is composed of charcoal, oxygen, 
and hydrogjen, crystallizes in hard transparent four-sided and irrq^ar 
six-sided prisms, but is not called a salt. Silica or sand is found crystal- 
lized most perfectly in nature in six-sided pyramids, but is not a salt ; 
it is an acid termea silicic-acid. Sand has no acid taste, because it is 
insoluble in water, but when melted in a crucible with an alkali, such as 
potash, it forms a salt called silicate of potash. Magnesia, from being 
insoluble, or nearly so, in water, is all but tasteless, and has barely anj 
alkaline reaction, yet it is a very strong alkaline base ; 20*7 parts of it 
neutralize as much sulphuric acid as 47 of potash. A sedt is not always a 
crystallizable substance, and vice versa. The process of our chemical 
knowledge has therefore demanded a wider extension and application of 
the term salt, and it is not now confined merely to a combination of an 
acid and an sJkali, but is conferred even on compounds consisting only 
of sulphur and a metal, which are termed sulphur sails. 

So also in combinations of chlorine, iodme, bromine, and fluorine, 
with metallic bodies, neither of which are acid or alkaline, the term 
haloid salts has been applied by Berzelius, from the Greek (aXr, sea salt, 
and (tdos form), because they are analogous in constitution to sea salt ; 
and the mention of sea salt again reminds us of the wide signification of 
the term salt, originally confined to this substance, but now extended 
into four great orders, as defined by Turner :— 

Obder I. The o^ey-salls.-^Tlus order includes no salt the acid or 
base of which is not an oxidised body (ex., nitrate of potash). 
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Obdeb n. Tke kydrosalis, — ^This order inclades no salt the acid or 
base of which does not contain hydrogen (ex., chloride of ammonium). 

Obdeb III. Tie sulphur salts, — ^This order includes no salt the 
electro-positive or negative ingredient of which is not a sulphuret (ex., 
hjdrosuiphuret of potassium). 

Obdeb IY. The haloid salts, — ^This order includes no salt the electro- 
positive or negative ingredient of which is not haloidal. (Exs., iodide of 
potassium andsea salt). To fix the idea of salt still better in the youthful 
mind, it should be remembered that alabaster, of which works of art are 
constructed, or marble, or lime-stone, or chalk, are all salts, because they 
consist of an acid and a base. 

In order to cause a substance to crystallize it is first necessary to 
endow the particles with freedom of motion. There are many methods 
of doing tms chemically or by the ap])lication of heat, but we cannot by 
any mechanical process of concentration, compression, or division, per- 
suade a substance to crystallize, unless perhaps we except that remark- 
able change in wrought or fibrous iron into crystalline or brittle iron, 
by constant vibration, as in the axles of a carriage, or by attaching a 
piece of fibrous iron to a tilt hammer. 

If we powder some alum crystals they will not a^ain assume their 
crystalline form ; if brought in contact there is no freedom of motion. It 
is like placing some globules of mercury on a plate. Thev have no 
power to create motion; their inertia keeps them separated b^ certain 
distances, and they do not coalesce ; but incline the plate, give them 
motion, and bring them in contact, they soon unite and form one 
globule. The particles of alum are not in close contact, and they have 
no freedom of motion unless they are dissolved in water, when they 
become invisible; the water by its chemical power destroys the 
mechanical aggregation of the solid alum far beyond any operation of 
levigation. Tne solid alum has become liquid, like water ; the particles 
are now free to move without let or hindrance from friction. A solution, 
(from the Latin solvo, to loosen) is obtained. The alum must indeed be 
reduced to minute particles, as they are alike invisible to the eve 
whether assisted by the microscope or not. No repose will cause tne 
alum to separate; the solvent power of the water opposes gravitation; 
every part of the solution is eauaUy impregnated with alum, and the 
particles are diffused at equal aistances through the water ; the heavy 
alum is actually drawn up against gravity by the water. 

How, then, is the alum to be brought back again to the solid state ? 
The answer is simple enough. By evaporating away the excess of 
water, either by the application of heat or by long exposure to the 
atmosphere in a very shallow vessel, the minute atoms of the alum are 
brougnt closer togetner, and crvstdlization takes place. The assumption 
of the solid state is indicated by the formation of a thin film (called a 
pellicle) of crystals, and is further and still more satisfactorily proved bv 
taking out a drop of the solution and placing it on a bit of glass, whicn 
rapidfy becomes filled with crystals if the evaporation has been carried 
sufiiciently far (Fi^. 87). 
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After eT^Kimtisg away sufficient water, the dish is placed on one 
aide and allowed to cool, when ciystals of the ntmost regularity of fona 




ue prodnced, and, denoted b^ a geometrical term, are c^ed octohedral 
or eight-sided ci^stals, when m t1^ ntmoat state of perfection (Fig. 88). 

The science of crvstallo^phy is too elaborate to be discussed at 
length in a work of tliis kind ; the varions terms connected with cryst^s 
wilT therefore onlj be explained, and experiments given in illustration of 
the formation of varions crrstala. 

When the apices — i.e., tie tips or points of crjstala — are cut off, they 
are said to be trimcated ; and tne same change occurs on the edges of 

If some of the salt called chloride of calcium in the dry and amor- 
phous state is exposed to the air, it soon absorbs water, or what is termed 
deliqueieei : the same thing occurs with the crystals of carbonate 
of potash, and if four ounces are weighed out in an evaporating disli, 
and then exposed for about half an hour to the air, a very perceptible 
increase in weight is observed by the assistance of the smlcs and grain 
weights. DsUq«e>ceitce Is a term from the Latin deliqueo, to melt, and 
is in fact a gradual melting, caused by the absorption of water from 
the atmosphere. The reverse of this is illnatrated with varioua crystals, 
such as Qianber's salt (sulphate of soda), or common washing soda 
(carbonate of aoda) ; if a fine clear crystal is taken out of the soIiitLon, 
called the mother uquor, in which it has been crystallized, wiped dry, 
and pUced under a glass shade, this salt may remain for a long period 
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without change, hut if it receive one scratch from a pin, the door is 
opened apparently for the escape of the water which it contains, chemi- 
cally united with the salt, and called water of crystallization; the 
white crystal gradually swells oat, the little quasi sore from the pin- 
scratch spreads over tlie whole, which becomes opaque, and crumbling 
down falls into a shapeless mass of white dust ; this change is cdled 
efflorescence, from effloreseo, to blow as a flower — caused by the 
abstraction from them of chemically-combined water by the atmosphere. 
With reference to the preservation of crystals, Professor Griffitns re- 
commends them to be oiled and wiped, and placed under a glass shade, 
if of a deliquescent nature ; or if efflorescent, they are perfectly pre- 
served by placing them under a glass shade with a uttle water in a cup 
to keep the air charged with moisture and prevent any drying up of the 
crystal. 

Deliquescent crystals may be preserved by placing them, when dry, 
in naphtha, or any liquor in which they are penectly insoluble. Some 
salts, like Glauber's salts, contain so much water of crystallization that 
when subjected to heat they melt and dissolve in it, and this liquefac- 
tion of the solid crystal is called *' watery fusion." Other salts, such as 
bay salt, chlorate of potash, &c., when heated, fly tb pieces, with a 
sharp crackling noise, which is due sometimes, to the unequal expansion 
of the crystalline surface, or the sudden conversion of the water ^retained 
in the crystal by capillary attraction) into steam ; thus nitre benaves in 
this manner, and freauently retains water in capillary flssores, although 
it is an anhydrous salt, or salt perfectly free from combined water. The 
crackling sound is called decrepitation, and is well illustrated by 
throwing a handful of bay salt on a clear fire ; but this property is 
destroyed by powdering the crystals. 

Many substances when melted and slowly cooled concrete into the most 
perfect crystals ; in these cases heat alone, the anta^nist to cohesion, 
IS the solvent power. Thus, if bismuth be melted m a crucible, and 
when cooling, and just as the pellicle (from pellis, a skin or crust) is 
forming on the sunace, if two small holes are instantly made by a 
rod of iron and the liquid metal poured out from the inside (one of the 
holes being the entrance for the air, the other the exit for the metal) ; on 
carefully breaking the crucible, the bismuth is found to be crystallized 
in the most lovdy cubes. Sulphur, again, may be crystallized in pris- 
matic crystals b^ pursuing a similar plan; and the ^reat blocks of 
spermaceti exhibited by wax chandlers in their windows, are crys- 
tallized in the interior and prepared on the same principle. 

There are other modes of conferring the crystalline state upon sub- 
stances — ^viz., by elevating them into a state of vapour by the process 
called sublimation (from sublimis, high or exalted), the lifting up and 
condensation of the vapour in the upper part of a vessel; a process 
perfectly distinct from that of distillation, which means to separate 
drop by drop. Both of these processes are very ancient, and were in- 
vented by the Arabian alchemists long antecedent to the seventh century. 
Examples of sublimation are shown by heating iodine, and especially 
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bensoio acid ; with the latter, a verj elegant imitation of snow is pro- 
duced, bj receiving lie TapoM, on some spriga of holly or other ever- 
green, or imitation paper snow- 
drops and CTDOnsea, placed in a 
tasteful manner under a glass 
vessel. The benzoic acid should 
first he sublimed orer the sprigs 
or artificial flowers in a cas jar, 
which maj be removed when the 
whole is cold, and a clear glass 
shade substitoted for it. (Fig.S9.) 
AH electro deposits ou metds 
are more or less crjstalliue ; and 
copper or silver may be deposited 
in a crystalline form by placin? 
a scraped stick of phospnc 



phoms takes away the oiygen 
from tbe metal, or deoxidizes the 
solution, and the copper or silver 
reappears in the metallic form. 
The surface of the phosphorus 
nnst not be scraped in the air, 
: but underwater, when the opera- 
Fig. 89. *. G».J^. «Hb rtcppw ™™ »t ''<*? is. perfectly Mfe 

flnt, to be ihnt wheo tbe limp & withdnwii. A smguiar and almost mstan' 

Tt, Wooden BtAfid, with hole to carrj tho cap o, taneous crystallization can bo 

inaged on i*e™ offook or miaBtaL water with Gkuber's salt, of 

which one oonce and a half of 
water will usually dissolve about two ounces ; having done this, poor 
the solution, whilst boiling hot, into clean oil flasks, or vials of any 
kind, previously wanned in the oven, and immediatelT cork them, or tie 
strips of wetted bladder, over the orifices of the flasks or vials, or pom 
into tbe neck a small quantity of olive oil, or close the neck with a 
cork throngh which a thermometer tube has been passed. When cold, 
no crystallization occurs until atmospheric air ia admitted; and it was 
formerly believed that the preasnre of the air effected this object, until 
some one thought of the oil, and now tbe theory is modified, and crystal- 
lization is supposed to occur in consequence of tbe water dissoVing 
some air which causes the deposit of a minute crystal, and thb being 
the turning point, the whole oecomes solid. However the fact may be 
explained, it is certain that when tbe liquid refuses to crystallize on tbe 
admission of air, the soUdification occurs directly a minute crystal of 
sulphate of soda, or Glauber's salt, ia dropped into the vessel. 

When the crystallization is accomplished, the whole mass is iisoally 
so completely solidified, thst ou inverting tbe vessel, not a drop of liquid 
faUs out. 
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• It mar ^B observed tliat the same mus of saU will amwer an; 
number of times the awne purpose. AJl tbat ia necessary to be done, is 
to place the vi^ or flask, m a saucepan of warm water, and graduiJlj 
raise it to the boiling point till the salt is completely liquefied, when the 
TCssel mnat be corked and secured from the air as before. When the 
solidification is produced much heat is generated, whifeh ia rendered 
apparent by means of a thennometer, or by the insertion of a copper 
wire into the pasty mass of crystal in the flask, and then toncbing an 
extremely thin shaving <a cuttine of pbosphortis, dried and placed on 
cotton wool Solidification in M cases prodaces heat, LiqucEaction 
produces cold. 

_ InMastecs's freezing apparatus certain measured quantities of crystal- 
lized sal-ammoniac, nitre, and nitrate of ammonify are placed in a 
metallic cylinder, sur- 
rounded with a small 
quantity of spring water 
contained in an outer 
vessel. Directly the 
crystals are liquefied by 
the addition of water, in- 
tense cold is produced, 
which freezes the water 
and forms an exact cast 
of the inner cyhnder in 
ice, and this may after- 
wards be removed, by 
{ouring away the lique- 
ed salts, and filling the 
inner cylinder, with water 
of the aaoie temperature 
as the air, which rapidly 
fliaws the snrronnding ft^' 
ice, and allows it to slip vatcr. 
off into any convenient 
vessel ready to receive it. (T^. 90.) 
" n ing;enious method of obtaimne large and perfect crystals of 
•~y size, experimentalists are indebted to Le Blanc. TTis method 
tt first procuring small and perfect crystals — say, octohedra of 
alum — and then placing them in abroad flat.bottomed pan, he pours 
over the cr^tals a quantity of saturated solution of alum, obtained 
by evaporatmg a solution of alum until a drop taken ont ciystallizes on 
cooling. The positions of the crystals are altered at least once a day 
with a glass rod, so that all the faces may be alteruately exposed to the 
action of the solntion, for the side on which the ciystal rests, or is in 
contact with the vessel, never receives any incremeut. The crystals 
will thus gradually grow or increase in size, and when they hare done so 
for some time, the best and most a^metrical, may he removed Bud 
placed separately, in vessels contaiumg some of the same saturated 
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solution of dara, and being constantly turned thej may be obtained of 
almost aaj size desiceii. 

Unle&9 the crystals are removed to fresb solutions, a reaction takes 
place, in consequence of the eibanstion of the aJnm from tbe water, and 
the ctratal is attacked aud dissolved. This action is first perceptible oa 
the e%es and ancles of the crystal ; they become blnnted and gradually 
lose their shape ^together. By this method crystab may be made to 
grow in length or breadth — the former when they are placed upon their 
sides, the latter if tbe;r ^ made to stand npon their bases. 

On Le Blanc's priiiciple, beautiful crystal baskets arc made with alum, 
sulphate of copper, and bichromate of potash. The ba.iket3 are usually 
made of covered copper wire, and when the salts crystiillize on them as a 
Duclens or centre, they are constantly removed to fiesh solutions, BO 
that the whole is completelr covered, and red, white, and blue sparkUng 
crystal baskets formed. They will retain their briUiancy for any time, 
by placing theuk under a gl^s shade, with a cap containing a little 

Tbe sketch below affords an excellent illustration of some of Nature's 
remarkable concretions in the peculiar columnar structure of basalt. 
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fig. 92. Alcbsmiits it neck. 
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Tb£EE ia batdl; anv kind of knowledge which has been bo slowly 
acqaired as that of cnemiatir, and perbaps no other science has offered 
such fascinating rewards to the labour of its votaries aa the pAiloiopiar'i 
tione, which was to prodace an nnfaiHue auppl; of gold; or tie elixir 
of life, that was to give the discoverer of the gold-maJdug art tike time, 
tneprolonged life, in which he might spend and enjoj it. 

Hundreds of jears ago Egypt was the great depository of all learning, 
art, and science, and it was to this ancient country tliat the most cele- 
brated sages of antiquity travelled. 

Hermes, or Mercarius Trismegishia, the favonrite minister of the 
Egyptian Hrg Osiris, has been celebrated as the inventor of the art of 
alcnemy, and the first treatise upon it has been attributed to ZMymas, 
of Chemnis or Fanopolis. The Moors who conquered Spun were le- 
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markable for their learning, and the taste and elegance with which thej 
designed and carried out a new style of architecture, with its lovely 
Arabesque ornamentation. They were likewise great followers of the 
art of alchemyt when they ceased to be conquerors, and became more 
reconciled to the arts of peace. Strange that such a people, thirsting 
as they did in after years for all kinds of knowledge, should have 
destroyed, in the persons of their ancestors, the most numerous collection 
of books tJiat tne world had ever seen: the magmficent library of 
Alexandria, collected by the Ptolemies with great oiligence and at an 
enormous expense, was Dumed by the orders of Caliph Omar; whilst it 
is stated that the alchemical works had been previously destroyed by 
Diocletian in the fourth century, lest the Egyptians should acquire by 
such means sufficient wealth to withstand the Roman power, for gold 
was then, as it is now, "the sinews of war." 

Eastern historians relate the trouble and expense incurred by the suc- 
ceeding Caliphs, who, resigning the Saracenic barbarism of their an- 
cestors, were glad to collect from all parts the books which were to 
furnish forth a princely library at Bagdad. How the learned scholar 
sighs when he reads of seven nundred thousand books being consigned 
to the ignominious office of heating forty thousand baths in the capital 
of Egypt, and of the magnificent Alexandrian Library, a mental fuel for 
the lamp of learning in all ages, consumed in bath furnaces, and affording 
six months' fjiel for that purpose. The Arabians, however, made amen£ 
for these barbarous deeds in succeeding centuries, and when all Europe 
was laid waste under the iron rule of the Groths, they became the pro- 
tectors of philosophy and-Jbhe promoters of its pursuits ; and thus we 
come to the seventh century, in which Geber, an Arabian prince lived, and 
is stated to be the earliest of the true alchemists whose name has reached 
posterity. 

Without attempting to fill up the alchemical history of the intervening^ 
centuries, we leap forward six nundred years, and now find ourselves in 
imagination in England, with the leameid friar, Bx>^er £acon, a native of 
Somersetshire, who lived about the middle of the thirteenth century ; and 
although the continual study of alchemy had not yet produced the 
" stone," it bore fruit in other discoveries, and Roger Bacon is said^^. 
with great appearance of truth, to have discovered gunpowder, for he 
says in one of his works:— "From saltpetre arid oiher mgredients we 
ars able to form a fire which will bum to any distance ;" and again 
alluding to its effects, " a small portion of matter, about the size of the 
thumb, properly disposed, will make a tremendous sound and corusca* 
tion, by which cities and armies might be destroved." The exaggerated 
style seems to have been a favourite one with all philosophors, from the 
time of Roger Bacon to that of Muschenbroek of the University of Ley den, 
who accidentally discovered the Leyden jar in the year 1746, and re- 
ceiving the first shock, from a vial containing a little water, into which 
a cork and nail had been fitted, states that "he felt himself struck in 
his arms, shoulders, and breast, so that he lost his breath, and was 
two days before he recovered from the effects of the blow and the 
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terror ;" adding, that '* he would not take a second shook for the kingdom 
of IVance." disregarding the nomeroos alchemical events occurring 
from the time of Koger Bacon, we again advance four hundred years— 
viz., to the year 1662, when, on the 15th of Jul^, Sing Charles 11. 
granted a royal charter to the Philosophical Society of Oxford, who 
had removed to London, under the name of the Boyal Society of London 
for Promoting Natural Knowledge, and in the year 1665 was published 
the first number of the Philosophical Transactions; this work contains 
the successive discoveries of Mayow, Hales, Black, Leslie, Cavendish, 
Lavoisier, Priestlev, Davy, Faraday ; and since the year 1762 has been 
regularly publishea at the rate of one volume per annum. With this 
preface proceed we now to discuss some of the varied phenomena of 
chemical attraction, or what is more correctly termed 

(Chemical affinitt. 

The above title refers to an endless series of changes brought about 
by chemical combinations, all of which can be reduced to certain fixed 
laws, and admit of a simple classification and arrangement. A me- 
chanical aggregation, however well arranged, can be always distin^ished 
from a chemical one. Thus, a grain of gunpowder consists m nitre^ 
which can be washed away with boiling water, of sulphur^ wMch can be 
sublimed and made to pass away as vapour, of charcoal, which remains 
behind after the previous processes are complete; this mixture has 
been perfected by a careful proportion of the respective ingredients, it 
has been wetted, and ^und, and pressed, granulated, and finally 
dried ; all these mechamcal processes have -been so well carried out 
that each grain, \i analysed, would be similar to the other ; and yet it 
is, after aU, only a mechanical aggregation, because the sulohur, the 
charcoal, and the nitre are unchanged. A grain of gunpowder mois- 
tened, crushed, and examined by a high microscopic power, would 
indicate the yellow particles of sulphur, the black parts of charcoal, 
whilst the water filtered from the grain of powder aud dried, would 
show the nitre by the form of the crystal. On the other hand, 
if some nitre is fused at a dull red heat in a little crucible, and two 
or three grains of sulphur are added, they are rapidly oxidized, and 
combine with the pbtash, forming sulphate of potash ; and after this 
change a few grains of charcoal may be added in a similar manner, when 
they bum bristly, and are oxidized and converted into carbonic acid, 
which also umtes in like manner vrith the potash, forming carbonate of 
potash; so that when the fused nitre is cooled and a few particles 
examined by the microscope, the charcoal and sulphur are no lon^r 
distinguishable, they have undergone a chemical combination with 
portions of the nitre, and have produced two new s^dts, perfectly dif- 
ferent in taste, gravity, and appearance from the original substances 
employed to pr^uce them. Hence chemical combination is defined 
to be '' that property which is possessed by one or more substances, 
of uniting together and producing a third or other body perfectly dif- 

o3 
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ferent in iti nature from either of the two or more generating the new 
compound** 

To return to our first experiment with the gunpowder : take sulphur, 
place some in an iron ladle, neat it over a gas fiame till it catches fire, then 
ascend a ladder, and pour it gently, from the g^reatest height you can 
reach, into a pail of warm water : if this experiment is penormed in a 
darkened room a magnificent and continuous stream of nre is obtained, 
of a blue colour, without a single break in its whole length, provided 
the ladle is gradoallj^ inclined and emptied. The substance that drops 
into the warm water is no longer yellow and hard, but is red, soft, and 
plastic ; it is still sulphur, though ^t has taken a new form, because that- 
element is dimorphous (die twice, and ftopt^i; a form), and, Proteus-like, 
can assume two lorms. Take another ladle, and melt some nitre in it at 
a dull red heat, then add a small quantity of sulphur, which will bum as 
before ; and now, after waiting a few minutes, repeat the same experiment 
by pouring the liquid from the steps through the air into water ; observe 
it no longer iiames, and the substance received into the water is not 
red and soft and plastic, but is white, or nearly so, and rapidly dis- 
solves away in the water. The sulphur has united with the oxygen of 
the nitre and formed sulphuric acid, which combines with the potash 
and forms sulphate of potash ; here, then, oxvgen, sulphur, and potas- 
sium, have united and formed a salt in whicn the separate properties 
of the three bodies have completelv disappeared ; to prove this, it is 
only necessary to dissolve the sulphate otpotash in water, and after 
filtering the solution, or allowing it to settle, till it becomes quite clear 
and bnght, some solution of baryta may now be added, when a white 
precipitate is thrown down, consisting of sulphate of baryta, which is in- 
soluble in nitric or other strong acids. The behaviour of a solution of 
sulphate of potash with a nitrate of baryta may now be contrasted with 
that of the elements it contains ; on the addition of sulphur to a solu- 
tion of nitrate of baryta no change whatever takes place, because the 
sulphur is perfectlv insoluble. If a stream of oxygen gas is passed from 
a bladder and jet through the same test, no effect is produced ; the nitrate 
of baryta has already acquired its full proportion of oxygen, and no 
further addition has any power to change its nature ; finally, if a bit of 
the metal potassium is placed in the solution of nitrate of baiyta it does 
not sink, being lighter tnan water, and it takes fire ; but this is not in 
any way connected with the presence of the test, as the same thing will 
happen if another bit of the metal is placed in water — it is the oxygen 
of the latter which unites rapidly witn the potassium, and causes it to 
become so hot that the hydrogen, escaping around the little red-hot 
globules, takes fire ; moreover, the fact of tne combustion of the potas- 
sium under such circumstances is another striking proof of the opposite 
qualities of the three elements — sulphur, oxygen, and potassium — as 
compared with the tliree chemically combined and forming sulphate of 
potash. The same kind of experiment may be repeated with charcoal : 
if some powdered charcoal is made red-hot, and then puffed into the air 
with a blowing machine, numbers of sparks are produced, and the char- 
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ooal barns away and forms carbonic acid gas^ a little ash being left 
behind; but if some more nitre be heated in a ladle, and charcoal 
added, a brilliant deflagration (dejUtyro, to bum) occurs, and the charcoal, 
instead of passing away in tiie air as carbonic acid, is now retained in 
the same shape, but firmly and chemically united with the potash of the 
nitre, forming carbonate of potash, or pearl-ash, which is not black and 
insoluble in water and acids like charcoal, but is white, and not only 
soluble in water, but is most rapidly attacked by adds with effer- 
vescence, and the carbon escapes in the form of carbonic add gas. Thus 
we have traced out the distinction between mechanical aggregation and 
chemical affinity, taking for an example the difference between gun- 
powder as a whole (in which the in^eoients are so nicely balanced that 
it is almost a chemical combination), and its constituents, sulphur, 
charcoal, and nitre, when they are chemically combined ; or, in briefer 
language, we have noticed the difference between the mechanical mix- 
ture, and some of the chemical combinations, of three important elements. 
Our very slight and partial examination of three simple bodies does not, 
however, afford us any deep insight into the prindples of chemistry; we 
have, as it were, only mastered tne signification of a few words in a lan- 

fuage ; we might know that chien was the French for dog, or cheval 
orse, or honime man ; but that knowledge would not be the acquisition of 
the French language, because we must first know the alphabet, and 
then the combination of these letters into words ; we must also acquire 
a knowledge of the proper arrangement of these words into sentences, 
or grammar, both syntax and prosody, before we can claim to be a 
Trench scholar : so it is with chemistry — any number of isolated experi- 
ments with various chemical substances would be comparatively useless, 
and therefore the "alphabet of chemistry," or "table of simple de- 
ments,'* must first be acquired. These bodies are understood to be 
solids, fluids, and gases, which have hitherto defied the most elaborate 
means employed to reduce them into more than one kind of matter. 
Even pure light is separable into seven parts — viz., red, orange, 
yellow, green, blue, indigo, and violet; but the elements we shall 
now enumerate are not of a compound, but, so far as we know, of an 
absolutely simple or singk nature ; thev represent the boundaries, not 
the finality, of the knowledge that may oe acquired respecting them. 

The elements are sixty-four in number, of which about forty are 
tolerably plentiful, and therefore common ; whilst the remainder, twenty- 
four, are rare, and for that reason of a lesser utility: whenever 
Nature employs an element on a grand scale it may certainly be called 
common, but it generally works for the common good of all, and fulfils 
the most important offices. 
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CLA.SSI7ICATI0N OF THE ALPHABET OP CHEMISTRY. 



13 Non-Metallic Bodies. 



Name. Symbol. 



1. Oxygen 

2. Hydrogen 

3. Nitrogen 

4. Chlorine 

5. Iodine . 

6. Bromine 

7. Fluorine . 



1. Aluminum . 

2. Antimony 

3. Arsenic " . . 

4. Barium . . 
6. Bismuth . . 

6. Cadmium . . 

7. Calcium . . 

8. Cerium . . 

9. Chromium . 

10. Cobalt. . . 

11. Copper . , 

12. Donarium, . 

13. Didymium, . 

14. Erbium . . 

15. Gold . . . 

16. Qlucinum . . 

17. Iron . . . 

18. Ilmenium . . 

19. Iridium , . 

20. Lead . . . 

21. Lanthanium . 

22. Lithium . . 

23. Magnesium . 

24. Manganese . 

25. Mercunr . . 

26. Molybdenum . 

(N3. The 




H 

N 

CI 

I 

Br 

P 



Al 

Sb 

As 

Ba 

Bi 

Cd 

Ca 

Ce 

Cr 

Co 

Cu 

1) 
E 

Au 

Gl 

Pe 

n 

Ir 
Pb 
La 
Li 

Mg 
Mn 

Hg 
Mo 



Combining 

proportion 

or atomic 

weight. 

= 8 

= 1 

= 14 

= 35-5 

= 127-1 

= 80- 

= 18-9 



Name. SymboL 



8. Carbon . 

9. Boron . . 

10. Sulphur . 

11. Phosphorus 

12. Silicon 

13. Selenium . 



51 Metals, 



13-7 
129 

75 

68-5 
213 

56 

20 

47 

26-7 

29-5 

31-7 



197 

28 

99 
103-7 

6-5 
12-2 
27-6 
100 
46 



27. Nickel. . 

28. Norium . 

29. Niobium . 

30. Osmium . 

31. Platinum . 

32. Potassium 

33. Palladium 

34. Pelopium . 

35. Eiiodium . 

36. Bhuthenium 

37. Silver . . 

38. Sodium . 

39. Strontium 

40. Tin. . . 

41. Tantalum . 

42. Tellurium . 

43. Terbium . 

44. Thorium . 

45. Titanium . 

46. Tungsten . 

47. Uranium . 

48. Vanadium 

49. Yttrium . 

50. Zinc . . 

51. Zirconium 



Combfaifaig 

proportion 

or atomic 

weight. 



c 


23^ 


6 


B 


— 


10-9 


S 




16 


P 


— ^ 


32 


Si 


^z; 


21-3 


Se 


=: 


39-5 



. Ni = 29-6 



. Nb 






. Os 


^~* 


99-6 


. Pt 


zsz 


98-7 


. K 


"^ 


39-2 


. Pd 


■*— 


53-3 


. Pe 






. R 


=: 


52-2 


. Ru 


"~" 


62-2 


. Ag 


z:^ 


108-1 


. Na 


212 


23 


. Sr 


~~ 


43*8 


. Sn 


""^ 


59 


. Ta 


ZS 


184 


. Te 


=: 


64-2 


. Tb 






. Th 


= 


59-6 


. Ti 


zn^ 


25 


. W* 


^ 


95 


. U 


"^ 


60 


. V 


■*— 


68*6 


. Y 






. Zn 


zs 


32*6 


. Zr 


*~** 


22*4 



elements printed in italics are at present naimportant. 



A few words will suffice to explain the meaning of the terms which 
head the names, letters, and numbers of the Table of Elements. The 

* From the mineral Wolfiran, and now exceedingly valuable^ as when aUoyed with liai 
it is harder than, and will bore through steel. 
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names of the elements have very interesting derivations, which it is not 
the object of this work to go into ; the symbols are abbreviations, 
<apher8 of the simplest kind, to save time and trouble in the frequent re- 
|)etition of long words, just as the signs -f plus, and — minus, are used 
m algebraic formulae. For instance — ^the constant recurrence of water 
in chemical combinations must be named, and would involve the most 
tedious repetition; water consists of oxygen and hydrogen, and by taking 
the first letter of each word we have an instructiVe symbol, which not 
only gives us an abbreviated term for water, but also miparts at once a 
knowledge of its composition by the use of the letters, HO. 

Again, to take a more complex example, such as would occur in the 
study of organic chemistry — a sentence such as the hydrated oxide of 
4ieetule, is written at once by C4H4O2, the figures referring to the number 
of equivalents of each element — viz., 4 equivalents of C, the symbol for 
carbon, 4 of H (hydrogen), and 2 of (oxygen). 

^ The long word paranapnthaline, a substance contained in coal tar, is 
disposed of at once with the symbols and figures C30H15. 

The figures in the third column are, however, the most interesting 
to the precise and mathematically exact chemist. They represent the 
vnited labours of the most painstaking and learned chemists, and are 
the exact (quantities in which the various elements unite. To quote one 
example : if 8 parts by weight of oxygen — viz., the combining propor- 
tions of that element — are united with 1 part by weight of hydroeen, also 
its combining number, the result will be 9 parts by weignt of water ; 
but if 8 parts of oxygen and 2 parts of hydrogen were useid, one only of 
the latter could unite with the former, and the result would be the 
formation again of 9 parts of water, with an overplus of 1 equivalent of 
hydrogen. 

It is useless to multiply examples, and it is sufficient to know that 
with this table of numbers the figures of analysis are obtained. Sup- 
posing a substance contained 27 parts of water, and the oxygen in 
this had to be determined, the rule of proportion would give it at once, 
9 : 27 : : 8 : 24. 9 parts of water are to 27 parts as 8 of oxygen (the 
quantity contained in 9 parts of water) are to the answer required— 
viz,, 24 of oxygen. The names, symbols, and combining proportions 
being understood, we may now proceed with the performance of many 
interesting 

CHEMICAL EXPEEIMENTS. 

As the permanent gases head the list, they will first engage our 
attention, Tbeginning with the element oxygen — Symbol 0, combining 
proportion 8. There is nothing can give a oetter idea of the enormous 

Quantity of oxygen present in the animal, vegetable, and mineral king- 
oms, than the statement that it represents one-third of the weight of 
the whole crust of the globe. Silica, or flint, contains about half its 
weight of oxygen ; lime contains forty per cent. ; alumina about thirty- 
three per cent. In these substances the element oxygen remains inactive 
and powerless, chamed by the strong fetters of chemical affinity to the 
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siliciom of the flint, the calcium of the lime, and the aluminum of tho 
alumina. If these substances are heated by themselves they will not 
yield up the large quantity of oxygen they contain. 

Nature, however, is prodigal m her creation, and hence we have but 
to pursue our search diligently to find a substance or mineral containing 
an abundance of oxyeen, and part of which it will relinquish by what 
used to be called by tne ** old alchemists" the torture of heat. Such a 
mineral is the black oxide of manganese, or more correctly the binoxide 
of manganese, which consists of one combining proportion of the metal 
manganese — viz., 27*6, and two of oxygen — ^viz., 8 x 2 = 16. If three 
proportions of the binoxide of manganese are heated to redness in an 
iron retort, they yield one proportion (equal to 8) of oxygen, and all 
that has just been explained by so many words is comprehended in the 
symbols and figures below : — 

3 MnOj = Mn,04 + 0. 

Thus the 3 MnO, represent the three proportions of the binoxide of 
manganese before heat is applied, whilst the sign =, the sign of equation 
(eqiud to), is intended to show that the elements or compounds nlaced 
before it produce those which ^//<w it ; hence the sequel Mns04+^ 
shows that another compound of the metal and oxygen is produced, 
whilst the + indicates the liberated oxvgen gas. The iron retort 
employed to hold the mineral should be made of cast iron in preference 
to wrought iron, as the latter is very soon worn out by contact with 
oxygen at a red heat. A gun-barrel will answer the purpose for an 
experiment on the small scale, to which must be adapted a cock and 
piece of pewter tubing. Such a make-shift arrangement may do very 
well when nothing better offers ; but as a question of expense, it u 
probably cheaper m the end to order of Messrs. Simpson and Maule, or 
of Messrs. Gnffin, or of Messrs. Bolton, a cast-iron bottle, or cast-iron 
retortj as it is termed, of a size sufficient to prepare two gallons of 




Fig. 03. 1. The iron bottle, oontaininr the black oxide of manganese, with inpe passing to 
the pneamatie trough, b b, in which is nzed a shelf, o, perforated with a hole, under wmch 
the end of the xdpe is wiUasted, and the gas passes into the gas-jar, s. 

oxygen from the binoxide of manganese, which, with four feet of iron 
oonducting-pipe^ and connected to the bottle with a screw, does not 



PSEPAKATION OF OXTGEN OAS. 89 

cost more than six BluUtngs — an enonnona <lip, perhaps, in the juveiiile 
pocket, and therefore we shall indicate presentlj a still cheaper appa- 
ratas for the same pnrpose. (Eg. 93.) 

The oiygen is conveyed to a sotiare tin bos prorided with a ahcK at 
one end, perforated with several holea at least one inch in diameter, 
called the pneumatic trough ; any wooden trough, butter or wasL-tnb, 
foot-pan or bath, provided with a shelf, may be raised by the same 
title io the dignitj of a piece of chemical apparatus. The ^ jar must 
be filled with water by withdrawing the stopper and pressing it down 
into the trough, and when the neck is below tne level of the water, the 
stopper is again inserted, and the jar witii the water therein contmed 



lifted steadily on to the shelf,theent^of atmospheric air beingprevented 
by keeping the lower part of the gas jar, called the welt, under the water. 
Sometimes the pneumatic trough contains so small a qoantitv of water 
that on raising the gas jar to the shelf the liquid does not cover tne bottom, 
and the air rushes up in lai^ babbles. Under these circnmstances it 
is better to provide a gallon stone jug full of water, so that when the 
jar is bwDg raised to the shelf it maj be thrust into the trough (on the 
same principle as the crow and the pitcher in the fable), and thus bj its 
bulk (as the stones in the pitcher) raise the water to the proper levcL 
Wbcu the gaajar is about half filled with gas the jug may be withdrawn. 
This arrangement saves the trouble of constantly adding and baling out 
water from the pneumatic trough. (Fig. 94.) 

There are other solid oijgemzed booies in which the affinities are less 
powerful, and hence a lower degree of heat suffices to liberate the 
oxygen gas, and one of the most useful in this respect is the salt termed 
chlorate of potash. If tbe substance is heated by itself, the temperature 
required to expel the oiygen is almost as high as that demanded for 
the black oiide of manganese ; but, strange to say, if the two substances 
are reduced to powder, and mixed in equal quantities by weight, then a 
very moderate increase of heat is sufficient to cause the chlorate of 
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patEtsh to give up ita oxjgen, whilst the oxide of mBnganeae iiDde]^;oes 
no change whatever. It Beems to fulfil ouly a mechanical office — possibly 
th&t of sepuating each particle of chlorate of potash from the other, so 
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that the heat attacks the substance in detail, just as a solid square of 
infantrv might repel almost any attack, whilst ttie same bod; dispersed 
over a large spaee mijjht beof fittleuse; so with the chlorate of potash, ' 
which itnoergoes rapid decomposition when mixed with and divided 
amgngst the particles of the oxide of manganese ; leas so with the red 
oxide of iron, and still less with sand or bnck-dost. (Fig. 95.) 

This curious fact is explained usually by reference to what is called 
catalytic action, or deeompotilion by coniael {jtora, downwards, and Xv», I 
mdoosto), Muff apoiiwpoueatii by a body of reiohing another iiUo a ne¥> 
eompound withoul imdergoing any change ittelf. To make this term still 
clearer, we may notice another example in linen rags, which may be 
exposed for any length of time to tlie action of water without fear of 
conversion into sagar ; if, however, oil of vitriol is first added to the 
linen raga, and tbcy are subseqaentlj dieted at a proper temperature 
with water, then the rags are converted into sugar (the author has seen 
a specimen made of an " old shirt") ; but, curious to relate, the oil of 
vitriol is nnchanged in the proce5s,ana if the process be commenced with a 
poond of acid, the same quantity is discoverable at the end of the diemical 
decomposition of the linen rags, and their convenion into sugar. 

If a mixtnre of equal parts of oxide of manganese and chlorate of 
potash is placed in a clean Florence flask, with a cork, and pewter, or 
]-U3S tube attached, great quantities of oxygen are quickly liberated, on 
.he application of the heat of a spirit lamp. Such a retort would cost 
abont loui^ence, and if the flask is broken in the operation it can be 
easily replaced by another, valee one penny, as the same cork and tube 
will generally smt a number of these cheap glass vessels. Corks may 
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always be softened by using either a proper cork squeezer, or by placing 
them under a piece of boani or a flat surface, and rolling and pressing 
the cork till ^uite elastic. 

Whilst fitting the latter into the neck of a flask, it is perhaps safer 
to hold the thin and fragile vessel in a cloth, so that if the flask breaks 
the chemical experiment may not be arrested for many days by the 
severe cutting and wounding of the fingers. After the cork is fitted, it 
is to be removed from the flask and bored with a cork borer. This 
useful tool is sold in complete sets to suit all sizes of glass tubes, and 
the pewter or ^lass being mserted, the flask and tube will be ready for 
use, provided tne tube is bent to the proper curve. This is easy enoueh 
to perform with the pewter, but not ouite so easy with the glass tube, 
which must be held over the flame of 'a spirit hunp till soft, and then 




Ilg. 06. A. The cork squeezer, b. The cork hirers, o. The operation of bending the 
sIms tabe orer the flftme of the 8piiit>lainp. ]>. The neck of the niuk, with cork and tube 
bent and fitted complete for nee. 

bent veiY gradually to the proper curve. If a short length of the glass 
tube is heated, it bends too sharply, and the convexity of the glass is 
flattened, whilst the internal diameter of the tube is lessened, so that at 
least three inches in length should be warmed, and the heat must not 
be continued in one place only, but should be maintained in the direc- 
tion of the bend, the whole manipulation being conducted without any 
humr. (Fig. 96.) 

Hjavin^ filled a gas jar with oxygen, it may be removed from the 
pneumatic trough by sliding it into a plate under the surface of the 
water, and to prevent the stopper being thrust out accidentally from the 
jar by the upward pressure of the gas, whilst a little compressed, during 
the act of passing it into the plate, it is advisable to hold the stopper 
of the jar firmly out gently, so that it cannot slip out of its place. A 
number of jars of oxygen may be prepared and arranged in plates, all of 
which of course must contam a httle water, and enough to cover the 
welt of the jar. 
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EXPEBIMENTS WITH OXYGEN GAS. 

This gas was originally discovered by Priestley, in Angnst, 1774, and 
was first obtained by heating red precipitate — i.e., the red oxide of 
mercury. 

HgO=Hg + O. 

We leave these symbols and figures to be deciphered by the youthful 
philosopher with the aid of the table of elements, &c., and return to the 
experiments. 

There are certain thin wax tapers like waxed cord, called bougies, 
which can be bent to anjr shape, and are very convenient for experiments 

with the gases. If one of these tapers is bent as 
in Pig. 97, then lighted and allowed to bum for 
some minutes, a long snuff is gradually formed, 
which remains in a state of ignition when the flame 
of the taper is blown out. On plunging this into 
ajar of oxygen, it instantly re-hghts with a sort 
or report, and bums with greatly-increased bril- 
liancy, as described by Dr. Priestley in his first 
experiment with this gas, and so elegantly repeated 
by Professor Brande m his refined dissertation on 
;! // the progress of chemical science. 

"The 1st of August, 1774, is a red-letter day in 
^ i the annals of chemical philosophy, for it was then 
" (g ^ that Dr. Priestley discovered dephlogisticated air. 
/ ft ^ Some, sporting in the sunshine of rhetoric, have 
called this the birthday of pneumatic chemistry; 
Fig. 97. but it was even a more marked and memorable 

period ; it was then (to pursue the metaphor) that 
this branch of science, having eked out a sickly and infirm infancy in 
the ill-managed nursery of the early chemists, began to display symp- 
toms of an improving constitution, and to exhibit the most nopeful 
and unexpected marks of future in&portance. The first experiment, 
which lea to a very satisfactoir result, was concluded as follows : — 
A glass jar was filled with quicksilver, and inserted in a basin of the 
same; some red precipitate of quicksilver was then introduced, and 
floated upon the quicksilver in the jar ; heat was applied to it in this 
situation with a burning-lens, and to use Priestley's own words, I pre- 
sently found that air was expelled from it very readily. Having got 
about three or four times as much as the bulk of my materials, I ad- 
mitted water into it, and found that it was not imbibed by it. But 
what surprised me more than I can well express was, that a candle 
burned in this air with a remarkably vigorous flame, very much like that 
enlarged flame with which a candle bums in nitrous air exposed to iron 
or lime of sulphur {i.e., laugliing gas); but as I had got nothing like 
ihi» remarkable appearance from any kind of air besides this pecuUctr 
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modification of nitrous air, aad - . 

J tneio Mc HilTota aeid teat used \ 

in the preparation of mereuriui "i 

ealeinatui, I was utterly at a lou 
Aoaioaeeotait/oril." (EigM.) ^ 

Second Exptritneal. 

The term oxjgea is derived 
from the Greek (ofiw, acid, and 
ytvvaa, I give rise to^, and vas 
originally ^ven to tba element 
by LftTOisier, who also claimed 
its discovery ; and if this honour 

is denied hun, snrelj he has de- ji|^ ^ ^ ^^^^ ,omu luu 
servedequalacientific glory bhia tuning the nd'tswipiuie'^'ttaeMprud^lud- 
masterly esneriments, throneh iiwinthidijhi,»i»9«inuininBmercBri, c.Th« 

i_- I r j^ 3\\. i 7t bnTuiijiF-Klui conoentntinetbe tons nnontlH 

Wtiioh he diflcovered that the red piodpiiale. being PriwUej'. origm»l eiperl- 

mixtnre of forty-two parts by ment. 

measnre of azote, with eight parts by measure of oxygen, produced a 
compound precisely resembling our atmosphere. The name given to 
oxygen was fonnded on a series of experiments, one of which will now 
be mentioned. 

Place some sulphur in a little copper ladle 
attached to a wire, and called a de&grating 
spoon, passed through a round piece of zinc 
or brass plate and cork, so that the tatter 
acts as an adjusting arrangement to fix the 
wire at any poiut required. The combus- 
tion of the sulphur, previously feeble, now 
assumes a remarkable intensity, and a pecu- 
liar coloured light is generated, whilst tlie 
sulphur nnites with the oxygen, and forms 
sulphurous acid gas. It produces, in fact, 
the same gas which is formed by bnniing an 
ordinary sulphur match. This compound is 
TaluablJe as a disinfectant, and is a very im- 
portant bleaching agent, being most exten- 
sively employed m the whitening of straw 
employed in the mannfactnre of straw bon- 
nets. It is an acid gas, as Lavoisier found, 
and tliis property may be detected by pour- Fig.M. i. The deSagnting 
ing a little tmcture of litmus into the bot- XT'" '-i^tSW^' "° 
tom of the plate in which the gas jar stands. The guju. 
The blue colour of the litmus is rapidly 

changed to red, and it might be thoucht that no further argnment 
eould possibly be required to prove that oxygen was tkt acidifying 
agent, uiemoreparticularlyas the result is thesamein the next iUuattation. 
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TAird Experiment 

Cnt a small piece from an ordinair stick of phosphoras under 
water, take care to dry it properly with a cloth, and after placing it 
in a deflagrating spoon, remove the stopper from the gas-jar, as there 
is no fear of the oxygen rushing away, oecause it is somewhat heavier 
than atmospheric air ; and then, after placing the spoon with the phos- 
phoras in tne neck of the jar, apply a heated wire and pass the spoon • 
at once into the middle of the oxygen; in a few seconds a most 
brilliant light is obtained, and the jar is filled with a white smoke ; 
as this subsides, being phospborio acid, and perfectlj soluble in water, 
the same litmus test may be applied, when it is in like manner 
changed to red. The acid obtained is one of the most important con- 
stituents of bone. 

Fourtk Experiment, 

A bit of bark-charcoal bound round with wire is set on fire either 
by holding it in the flame of a spirit-lamp, or by attaching a small piece 
of waxed cotton to the lower part, and igniting this ; the charcoal may then 
be inserted into a bottle oi oxy^n, when the most bnlliant scintilla- 
tions occur. After the combustion has ceased and the whole is cool, 
a little tincture of litmus may also be poured in and shaken about, 
when it likewise turns red, proving for tlie third time the generation 
of an acid body, called carbonic acid — an acid, like the others already 
mentioned, of great value, and one which Nature employs on a stu- 
pendous scale as a means of providing plants, &c., with solid char- 
coal. Carbonic acid, a virulent poison to animal life, is, when properly 
diluted, and as contained in atmospheric air, one of the chief alimen> 
tary bodies required by growing and healthy plants. 

In three experiments acid bodies have been obtained ; can we specu- 
late on the result of the next ? 

Fifth Experiment, 



Into a deflagrating spoon place a bit of potassium, set this on fire 
by holding it in the spoon in the flame of a spirit-lamp, and then rapidly 
plunge the burning metal into a bottle of oxygen. A brilliant ignition 
occurs in the deflagrating spoon for a few seconds, and there is little or no 
smoke in the jar. The product this time is a solid, called potash, 
and if this be dissolved in water and filtered, it is found to be clear 
and bright, and now on the addition of a little tincture of litmus to 
one half of the solution, it is wholly unaffected, and remains blue ; 
but if with the other half a small quantity of tincture of turmeric is 
mixed, it immediately changes from a bright yellow solution to a 
reddish-brown, because turmeric is one of the tests for an alkali; and 
thus is ascertained by the help of this and other tests that the result 
of the combustion is not an adid, but an alkaii. The experiment 
is made still more satisfactory by burning another bit of potassium 
in oxygen and dissolving the product in water, and if any portion of 
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the reddened liquid derived from the sulphnrons, phosphoric, and car- 
bonic acids taken from the previous experiments, be added to separate 
portions of the alkaline solution, they are all restored to their original blue 
colour, because an acid is neutralized hj an alkali ; and the experiment is 
made quite conclusive by the restoration of the reddened turmeric to a 
bright yellow on the addition of a solution of either of the three acids 
already named% Moreover, an acid need not contain a fraction of 
oxygen, as there is a numerous class of %dracids, in which the acidi- 
fying principle is hydrogen instead of oxygen, such as the hydrochloric, 
hydnooic, hydro-bromic, and hydrofluoric acids. 

SixiA Experiment, 

A piece of watch-sprins is softened at one end, by holding it in the 
flame of a spirit-lamp, ana allowing it to cool. A bit of waxed cotton 
is then bound round the softened end, and after being set on fire, is 
plunged into a gas jar containing oxygen; the cotton nrst bums away, 
and then the heat communicates to the steel, which gradually takes fire, 
and being once well ignited, continues to bum vrith amazingrapidity, form- 
ing drops of liquid dross, which fall to the bottom of the plate — and also 
a reddish smoke, which condenses on the sides of the jar ; neither the 
dross which has dropped into the plate, nor the reddish matter condensed 
on the jar, will affect either tincture of litmus or turmeric ; they are 
neither acid nor alkaline, but neutral compounds of iron, called the 
sesquioxide of iron (TcjOa), and the magnetic oxide (re304=FeO. 
FejOs). 

Seventh Experiment. 

Some oxygen gas contained in a bladder provided with a proper 
jet may be squeezed out, and upon, some liquid phosphorus con- 




Hg. 100. A. BlAdder containing oxygen, provided with a stop-cock and jet leading to, 
B, B. Fin|?er glass containing boiling water, o. The cup of melted phosphorus under the 
water. The gas escapes from the bladder when pressed. 

tained in a cup at the bottom of a finger glass full ' of boiling water, 
when a most brilliant combustion occurs, proving that so long as the 
principle is complied with — viz., that of furnishing oxygen to a com- 
bustible substance — it will bum under water, provided it is insoluble, 
and possesses the remarkable affinity for oxygen which belongs to 
phosphorus. The experiment should oe performed with boiling water, 
to keep the phosphoms in the liquid stat^ ; and it is quite as well to hold 
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a square foot ot wiiezauze over tlie finger gUas wbilBt the experiment 
b being performed, (Fig. 100.) 

Eigklh ExperiaeiU. 
O^geo is avdlable from raonj substances wben the; are mixed with 
combustible substances, and hence the brilliant effects produced bj 
burning a mixture of nitre, meal powder, sulphur, and iron or stea 
ftlinga ; the metal burns with gre*t brilliancy, and is prmeoted from the 
case in most heactiful sparks, which are long and needle-shaped wiUi 
steel, and in the form of miniature rosettes with iron filings ; it is the 
oxygen from the nitre that causes the combuation of the metal, the 
otaer ingredients only accelerate the heat and rate of ignition of the 
brilliant iron, which is usually termed a. gerb. 

Ninth Exferimatl. 
A mixture of nitrate of potash, powdered 
charcoal, sulphur, and nitrate of strontiiun, 
driven into a strong paper case about two 
inches long, and weU closed at the end with 
varnish, bemg quite waterproof, may be set on 
fire, and will continue to burn under water 
until the whole ia conaomed ; the only pceoan- 
tion neccsaary beinf^ to bum the composition 
from the ease with the mouth downward, and 
if the experiment is tried in a deep glass jar it 
has a very pleasii^ efiect. (I'ig. 101.) 

The red-fire composition is made by mixing 
nitrate of strontia 4o parts by weight, flowers 
of sulphur 13 parts, chlorate of potash 5 parts, 
Bulphuret of antimony 4 parts. These ingre- 
dients must first be well powdered separately, 
and then mixed carefullj on a sheet of paper 
with a paper-knife. They are liable to explode 
if robbed together in a mortar, on account of 
- Ha. 101. LCueofredfln the presence of sulphur and chlorate of potash, 
budnr downnnk, tnd it- and the composition, if kept for any tim^ is 
SSS.'",S';:tS'.: li«bleto»ell...ponU««ul,. 

It, a c. Jat ooDCainJng nKii, 

Tenth Sxperiaeai, 
Some Eino is melted in an iron ladle, and made Quite red hot; if a 
little dry nitre is thrown upon the surface, and gently stirred into the 
metal, it takes fire with the production of an intense white ligbt, whilst 
lar^ quantities of white flakes ascend, and again descend when cold, 
being the oxide of zinc, and called by the alchemists the " Fhilosopher'a 
Wool" (ZnO). In this experiment the oxygen from the nitre effects 
the oxidation of the metal Einc. 
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Eleventh Experiment, 

A mixtiire of four pounds of nitre with two of sulphur and one and 
alialf of lamp black produces a most beautiful and curious fire, con- 
tinually projected into the air as sparks having the shape of the rowel 
of a spur, and one that may be burnt with perfect safety in a room, as 
the sparks consume away so rapidly, inconsequence of the finely divided 
condition of the charcoal, that they may be received on a hanokerchief 
or the hand without burning them. The difficulty consists in effecting the 
complete mixture of the charcoal. The other two in^edients must 
first be thoroughly powdered separately, and again tnturated when 
mixed, and finally the charcoal must be rubbed in carefully, till the 
whole is of a umform tint of grey and very nearly black, and as the 
mixture j)roceeds portions must bie rammed into a paper case, and set 
on fire ; if the stars or pinks come out in clusters, and spread well 
without other and duller sparks, it is a sign that the whme is well 
mixed; but if the sparks are accompanied with dross, and are pro- 
jected out sluggishly, and take some time to bum, the mixture and 
rubbing in the mortar must be continued; and even that must not be 
carriea too far, or the sparks will be too small. N.B. — ^If the lamp-black 
was heated red hot in a close vessel, it would probably answer better 
when cold and powdered. 

Twelfth Experiment, 

Into a tall gas jar with a wide neck project some red-hot lamp-black 
through a tin funnel, when a most brilliant flame-like fire is obtained, 
showing that finely divided charcoal with pure oxygen would be suf- 
ficient to afford ught; but as the atmosphere consists of oxygen 
diluted with nitrogen, compounds of charcoal with hydrogen, are the 
proper bodies to burn, to produce artificial light. 

Thirteenth Experiment, The Bude 
Light, 

This pretty light is obtained by pass- 
ing a steady current of oxygen gas (es- 
caping at a very low pressure) through 
and up the centre pipe of an argand oil 
lamp, which must be supplied with a 
highly carbonized oil and a very thick 
wick, as the oxygen has a tendency to 
bum away the cotton unless the oil is 
well supplied, and allowed to overflow 
the wick, as it does in the lamps of the 
lighthouses. The best whale oil is 
usually employed, though it would be 
worth while to test the value of Price's 
"Belmontine Oil" for the same pur- 
pose. (Fig. 102.) 




H 



Fig. 102. A. Beserroirofoil. B. The 
flexible pipe conveying oxygen to centre 
of the argand lamp. 
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Fourteenth Experiment, A Bed lAghi. 

Clear out the oil thoroughly from the Bude light apparatus ; or, what 
is hetter, have two lamps, one for oil, and the other lor spirit ; fill tke 
apparatus with a solution of nitrate of strontia and chloride of csdciTmi 
in spirits of wine, and let it bum from the cotton in the same way as 
the oil, and supply it with oxygen gas. 

Fifteenth Experiment, A Green Light, 

Dissolve boracic acid and nitrate of baryta in spirits of wine, and 
supply the Bude lamp with this solution. 

Sixteenth Experiment, A Yellow Light, 

Dissolve common salt in spirits of wine, and bum it ^ already de- 
scribed in the Bude light apparatus. 

Seventeenth Experiment, The Oxy-calcium Light. 

This very convenient light is obtained in a simple manner, either by 
using a jet of oxysen as a blowpipe to project the flame of a spirit 
lamp on to a ball of lime ; or common coal-gas is employed instead of the 




No.1. 



No. 2. 



Fig. 108.— No. 1. A. Oxygen Jet. b. The ball of lime, suspended by a wire, c Spirit 
lamp. 

No. 2. B. Oxygen let x. Gas (jet connected wiUi the gas^pipe in the rear by flexible 
inpe) i«q}ected on to oaU of lime^ t. 

spirit lamp, being likewise urged against a ball of lime. By this plan 
one h&s containing oxygen suffices for the production of a briluant light, 
not equal, however, to ihe oxy-hydrogen light, which will be explained in 
the aiticle on hydrogen. (Fig. 103.) 

Eighteenth Experiment, 

To show the weight of oxygen g[as, and that it is heavier than air, 
the stoppers from two bottles containing it may be removed, one bottle 
may be left open for some time and then tested, by a lighted taper, when 
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it will still indicate tlie presence of the gas, whilst the other may be 
suddenly inverted over a little cup in which some ether, mixed with a 
few drop of turpentine, may be burning — ^the flame burns with much 
greater onlliancy at the moment when the oxygen comes in contact 
with it. 

Nineteenth Experiment, 

The theory of the effect of oxygen upon the system when inhaled 
would be an increase in the work of the respiratory organs ; and it is 
stated that after inhaling a gallon or so of this gas, the pulse is raised 
forty or fifty beats per second : the gas is easity inhaled from a large 
iQdiarubber Dag through an amber mouthpiece: it must of course be 
quite pure, and if made from the mixture of chlorate of potash and 
oxide of manganese, should be purified by being passed through lime 
and water, or cream of lime. 

Twentieth Esppenment, 

There are certain colouring matters that are weakened or destroyed 
by the action of light and other causes, which deprive them of oxygen 
gas or deoxidize tnem. A weak tincture of litmus, if long kept, onen 
becomes colourless, but if this colourless fluid is shaken in a bottle 
with oxygen gas it is gradually restored ; and if either litmus, turmeric^ 
indigo, orchil, or madder, paper, or certain ribbons dyed with the same 
colouring matters, have become faded, they may be partially restored by 
damping and placing them in a bottle of oxygen gas. The effect of the 
oxygen is to reverse the ei^xidizing process, and to impart oxygen to 
the colouring matters. By a peculiar process indigo may be obtained 
quite white, and again restored to its usual blue colour, either by ex- 
posure to the air or by passing a stream of oxygen through it, 

Tweniy-fvrst Experiment, 

Messrs. Matheson, of Torrington-street, RiLssell-square, prepare 
in the form of wire some of the rarest metals, such as magnesium, 
lithium, &c. A wire of the metal magnesium burns magnificently in 
oxygen gas, and forms the alkaline eartn magnesia. The metal lithium, 
to which such a very low combining proportion belongs — ^viz., 6*5, can 
also be procured in the state of wire, and bums in oxygen gas with an 
intense white li^ht into the alkaline lithia^ which dissolved in alcohol 
with a little acetic acid, and burnt, affords a red flame, making a curious 
contrast between the effects of colour produced by the metallio and oxi- 
dized state of lithium. 

THE ALLOTEOPIC CONDITION OP OXYGEN GAS. 

The term allotropy (from aXXorpon-or, of a different nature) was 
first used by the renowned chemist Berzelius. Dimorphism, or diver- 
sity in crystalline form, is therefore a special case of allotro]^, 
and is most amusingly illustrated with the iodide of mercury (HgL), 
which is made either by rubbing together equal combining propor- 

n9 
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tions of mercury and iodine (both of which are to be found in the 
Table of Elements, paffe 86), or by carefully precipitating a solution of 
corrosive sublimate (chloride of mercury (HgCl) ) with one of iodide of 
potassium, just enough and no more of the latter being added to pre- 
cipitate the metal, or else the iodide of mercury is redissolved by the 
excess of the precipitant. It is first of a dirty yellow, and then gradually 
changes when stirred to a scarlet ; if this oe collected on a mter, and 
washed and drained, it is a beautiful scarlet, and when some of this 
substance is rubbed across a sheet of paper, a bright scarlet is apparent, 
which may be rapidly changed to a lemon-yellow by heating the paper 
over the flame of a spuit lamp ; and the iodide of mercury is again brought 
back to a scarlet colour by nibbing down the yellow crystals with the 
fingers. This experiment may be repeated over and over a^;ain with 
the like results. If some of the scfurlet iodide of mercury is subhmed from 
one bit of ^lass to another, it forms crystals, derived from the right 
rhombic pnsm ; when these are scratched with a pin they change again to 
the scarlet state, the latter when crystallized being in the form of the 
square-based octohedron. 

Other cases of dimorphism may be mentioned— viz., with sulphur, 
carbonate of lime, ana lead, and many others, whilst allotropy is 
curiously illustrated in the various conditions of charcoal, which, in 
the more numerous examples, is black and opaque, and in another instance 
transparent like water. Lamp-black is soft, but the diamond is the 
hardest natural substance. Tne allotropic state of sulphur has been 
already alluded to ; phosphorus, again, exists in tliree modifications : 1st, 
Common phosphorus, which shines in the dark and emits a white smoke. 
2nd, White pnosphorus. 3rd, E«d or amorphous phosphorus, which 
does not shine or emit white smoke when exposed to the air, and is so 
altered in its properties that it may be safely carried in the pocket. 

Enough evidence has therefore been offered to show that the allo- 
tropic property is not confined to one element or compound, but is dis- 
coverable in many bodies, and in no one more so than in the allotropic 
state of the element oxygen called 

OZONE. 

The Greek language has again been sdected by the discoverer, Schon- 
bein, of Basle, for tne title or name of this curious modification of 
oxygen, and it is so termed from o^ctV, to smell. The name at once 
suggests a marked difference between ozone and oxygen, because the 
latter is perfectly free from odour, whilst the former has that peculiar 
smell wnich is called electric, and is distinguishable whenever an 
electrical machine is at work, or if a Leyden jar is charged by the 

Sowerful Bhumkoff, or Hearder coil; it is also apparent when water is 
ecomposed by a current of electricity and resolved into its elements, 
oxygen and hydrogen. When highly concentrated it smells like chlorine ; 
and the author recollects seeing the first experiments by Schonbein, in 
England, at Mr. Cooper's laboratory in the Blackfriars-road. Ozone 
is prepared by taking a clean empty oottle, and pouring therein a very 
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little distilled water, into 
which a piece of deau 
Bcraped phoaphoros is 
introdac^, so u to ex- 
pose about one-lulf of 
its diameter to the air in 
the bottle, whilst the 
other is in contact with 
the water. (Fig. 104.) 

For the sake of pie- 
cautioD, the bottle ma; 
stand in a busin or soup 
plate, so that if the 
phosphonia should take 
nre, it ma; be instantly 
citinguiahed liy pour- 
ing cold water into the 
bottle, and should thia 
cract and break, the Tig. 104. 1. a qaan bottle, mtb the >lopp« loosdj 
phosphorus is receiTed pl««ith™ii, ». +haitlckof cleinphoipbordi. o, Th* 
'. .L -I 1 vBt« leiel jutt to hilt Um tluckn«w of the ptaofpliociu. 

into ihe plate. n n a «oif-niaie. i™"i™- 

When the 1 




e withdrawn, and the phoaphorona-aoid 
smote washed outbj shaking the bottle; it is distinguishable by its 



formed the phospbo 1. 
• 1 out by 

3 hj its action on test paper, prepared 1^ painting with 

ling iodide of potassium ou some Bath post mperi when 

i placed in thp hottle containing ozone, it changes the test blue. 



Ozone is a moat enereetin body, and a powerful bleaching agent ; if 
a point is attached to tne prime conductor of an electrical machiiie, 
and the electrified air is received into a bottle, it will be found to smell, 
and has the power of bleaching a veiy dilute solutbn of indigo. Ozone 



Fir. 106. T. A null Toltale taltny ttiudl 
cqnEle of heaiiag a tUo kDith of plUiiiniD wi 
& pi^t between tbe condDoun; wiret, w v.— I 



onlied nir. 
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la not a mere creation of fancy, as it can not only be produced by certain 
methods, but may be destroyed by a red heat. If a point is prepared 
with a loop of platinum wire, and this latter, after being connected with 
a voltaic battery, made red hot, and the whole placed on an insulating 
stool, and comiected with the prime conductor oi an electrical machine, 
it is found that the electrified air no longer smells, the ozone is destroyed; 
on the other hand, if the voltaic batterv is disconnected, and the electri- 
fied air again allowed to pass from the cold platinum wire, the smell is again 
apparent, the air will bleach, aad if caused to impinge at once, upon 
the iodide of starch test, changes it in the manner ^eady described. 
(F^. 105.) 

Ozone is insoluble in water, and oxidizes silver and lead leaf, finely 
powdered arsenic and antimony; it is a poison when inhaled in a con- 
centrated state, whilst diluted, and generated by natural processes, it is a 
beneficent and beautiful provision against those numerous smells originat- 
ing from the decay of animal and vegetable matter, which might produce 
disease or death : ozone is therefore a powerful disinfectant. The test for 
ozone is made byboilingtogether ten paxts by weight of starch, one of iodide 
of potassium, and two hundred of water ; it may either be painted on 
Bath post paper, and used at once, or blotting paper may be saturated 
with tne test and dried, and when required for use it must be damped, 
either before or after testing for ozone, as it remains colourless when 
dry^ but becomes blue after being moistened with water. 

Paper prepared with sulphate of manganese is an excellent test for 
ozone, and changes brown rapidly by the oxidation of the proto-salt of 
manganese, and its conversion into the binoxide of the metal. 

Ozone is also prepared by pouring a little sulphuric ether into a 
quart bottle, and tnen, after heating a glass rod in the flame of the spirit, 
lamp, it may be plunged into the bottle, and after remaining there a few 
minutes ozone may be detected by the ordinary tests. 

NITROGEN, OB AZOTE. 

Nixpoy, nitre ; ycwcuo, I form ; a, privative ; fwiy, life. Symbol, N > 
combining proportion, 14. Also termed by l^iiestleY, phlo^isiicated air. 

In the year 1772, Dr. Rutherford, Professor of 'botany in the Uni- 
versity of Edinburgh, published a thesb in Latin on fixed air, in which 
he says : — " By the respiration of animals healthy air is not merely 
rendered mephitic (i.e., charged with carbonic acid gas), but also suffers 
another change. For after the mephitic portion is absorbed by a caustic 
alkaline lixivium^ the remaining portion is not rendered salubrious ; and 
although it occasions no precipitate in lime-water, it nevertheless extin- 
guishes flame and destroys life" Such is the doctor's account of the 
discovery of nitrogen, which may be separated from the oxygen in the 
air in a very simple manner. The atmosphere is the great storehouse 
of nitrogen, and four-fifths of its prodigious volume consist of thisi 
element. 
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Cot^mUon of Almmphttie Air. 

Bulk. Wri^it. 

Oiygen 20 98-3 

Nitrogen ; 80 777 

100 100- 

Tlie usual mode of procnriug nitn^n gas is to abstract or remoTS 
the oiygen from a ^ren portion of atmospheric air, and the only point 
to be attended to, is to select some substance which will continue to 
bum as lone as there is any oxygen left. Thus, if a lighted taper is 
placed in a oottle of air, it will only bum for a certain period, and is 
giaduallj and at last extinguished ; not that the whole of the oxygen is 
lemoved or cbanged, because after the taper has gone out, some baming 
sulphur ma^ be placed ia the ressel, and will continue to bum for a 
limited period ; and even after these two combustibles hare, as it were, 
taken their fill of the oiygen, there is yet a little left, which is snapped 
up by burning phosphorus, whose voracious appetite for oxygen ia onljf 
appeased bv taking the whole. It ia for this reason that phosphoms U 
employed lor the purpose of removinK the oxjgen, and also because the 
product (phosphoric acid) is perfecUj soluble in water, and thus t^e 
oxygen b first combined, and then wasned out of a given volume of air, 
leaving the nitrogen behind. 

^nt Experimeni. 

To prepare nitrogen gas, it ia only 
necessary to place a little dry phos- 
phoms in a Eerlin porcelain cup on a 
wine glass, and to stand them in a 
soup plate containing water. The 
phosphorus is set on flre with a hot 
wire, and a gas jar or cylindrical jar 
is then carefully placed over it, so that 
the welt of the jar stands in the water 
in the soup plate. At first, expansion 
takes place in consequence of the heat, 
but this effect is soon reversed, as the 
oiygen ia converted into a solid by 
muon with the phosphorus, forniing a 
white smoke, which gradually disap- 
pears. (Fig. 106.) 

Supposing two grains of phosphO' 
rus lua been placed in a platinum 
tube, and just enough atmospheric air 

p-«,d „., i, to mnrtti, ,h.i. ..••lis.asssfs-."^* 

into phospnonc acid, the weight of «lu^ tnpportiDg o, ttu rap oonuiDins 
the phosphorus would be increased to !j» ^["^ phcuplioriu, uid tbs whole 
^ ^ by the addition of SJ grains ^JC'^ ' """'^ " "■ """'"^ 
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of oxygen ; now one cubic inch of oxygen weighs 0*3419, or about |nl 
of a grein, hence 7"3 cubic inchea of oijgen disappear, which veigh 
as nearly as posaihle Si grains, so that as 365 cubio inches of air con- 
tain 73 cubic inches of oijgen, that quantity of air mnst have passed 
over the S grains of phosphorus to convert it into 4^ grains of^ phos- 
phoric acid. 

For very delicate purposes, nitrogen is best prepared by passing air 
over finely -diTided metallic copper heated to redness ; this metal absorbs 
the whole of the oxygen and leaves the nitrogen. The finely-divided copper 
u procured by pawing hydrogen gas over pure black oxide of copper. 



Second Experimenl. 

A very inatmctive experiment is performed by heating 
tartrate of lead in a glass tube which is henne - " - 



^ a good mass of 
illy sealed, and being 
placed on an iron sap- 
port^ is then covered 
by a capped air jar 
with a shoing rod and 
stamper, the whole 
beinc arranged in 
a plate containing 
water. When the 
stamper is pushed 
down npon the glass 
the latter is broken 
(riK.107),andtheRir 
gradually penetrates 
to the finely divided 
lead.whenignition oc- 
curs, and the oxygen 
isabsorbed, as de mon- 
strated by the rise 
of the water in tbe 
jar. On the same 
prmciple, if a bottle 
IS fiUed about onc- 
tliird fullwitK a liquid 
amalgam of lead and 
mercury, and then 

■UiUed Ind, put' of •rhich Mi oat, ud <• IpiiUd, sod for tWO hOUT? or 

^f**^ '■J '??,.'""? ?'^J°^'^'''^'''K P!'* S'.I'"f™ more, the finely di- 
tobModfliewlioleitudib^diibofwMer.ii. Tided lead absorbs 

the oxygen and 
leaves pure uitrt^en. Or if a mixture of equal weights of sulphur 
and iron filings, is made into a paste with water in a thin iron cup, 
and then wanned and placed under a gas jar full of air standing on the 
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shelf of the pneumatic troagh, or in a dish full of water, the water 
graduallj rises in the jar in about forty<^ight hours, in consequence of 
the absorption of the oxygen gas. 

Third Experiment, 

Nitrogen is devoid of colour, taste, smell, of alkaline or acid qualities ; 
and, as we shall have occasion to notice presently, it forms an acid 
when chemically united with oxygen, and an alkali in union with hydro- 
gen. A lighted taper plunged into this gas is immediately extinguished, 
while its specific gravity, ^ich is lighter than that of oxygen or air, 
is demons^ted by the rule of proportion. 



Weight of 100 cabio 
inches of air at 60° Unitj. 

Fahr^ bar. 29*92 in. 

30-829 : 1 



Weight of 100 cabic Specific 

inches of nitrojren at gravity of 

60° Fahr., bar. 2992 in nitrogen. 

: 29-952 :: 971 



And its levity may be shownveryprcttilyby a 
simple experiment. Select two gas jars of the 
same size, andafter fillingone with oxygengas 
and the other with nitrogen gas, slide glass 
platesoverthebottomso^hejars,andproceed 
to invert the one containing oxygen, placing 

jd of 




..••••:::■.:• 



the neck in a stand formed of a pox open at 
the top; then place the iar containing nitro- 
gen over the mouth of the first, withdrawing 
the glass plates carefully ; and if the table 
is steady the top gas jar will stand nicely 
on the lower one. Then (having previously 
lighted a taper so as to have a long snuff) 
remove the stopper from the nitrogen jar 
and insert the lighted taper, which is im- 
mediately extin^ished, and as quickly re- 
lighted by pushing it down to the lower 
jar containmg the oxygen. This experi- 
ment may be repeated several times, and is 
a good illustration of the relative specific 
gravities of the two gases, and of the im- 
portance of the law of universal diffusion 
already explained at p. 6, by which these 
gases mix, not combine together, and the 
atmosphercTcmains in one uniform state of 

composition in spite of the changes going ^ ,^ ^ . , . , 
on at the surface of the earth. Omfiting nitei^fi. stm^^rB?She? 
the aqueous vapour, or steam, ever present jar Ml of oxyiren, o. The taper, 
in variable quantities in the atmosphere, ten g' itefS* a n n!* Ste *°^ '^ 
thousand volumes of dry air contain, ac- portmg the jars, 
cording to Graham : — 




Stand sup- 
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Nitrogen 7912 

Oxygen 2080 

Garlx)nic acid 4 

Carbnretted hydrogen (CHj) ... 4 

Anunonia atrace 



Fourth Bxperiment, 



10,000 



It was the elegant, the accomplished, bat ill-fated Lavoisier who dis- 
covered, by experimenting with quicksilver and air, the compound 
nature of the atmosphere ; and it was the same chemist who gave the 
name of azote to nitrogen ; it should, however, be borne in mind that it 

does not necessarily 
follow because a gas 
extinguishes flame 
that it is a poison. 
Nitrogen extinguishes 
flame, but we inhale 
enormous quantities 
of air without any ill 
effects from the nitro- 
gen or azote that it 
-n contains ; on the other 
hand, many ^es that 
extinguish flame are 
specific poisons^ such'as 
carbiomc acid, carbonic 
oxide, cyanogen, &c. 

Lavoisier's experi- 
ment may be repeated 
by passing into a mea- 
sured jar, graduated 
into five equal vo- 
lumes, four measures 

Yhg. loe. A. Gas jar divided into five equal parts, b b. of nitrogen and One 
Seotkm of pneumatic trough, to show the decantation of gas measure of OXVecn * a 

ftom one vessel to another. The gas is being passed firom c i i . i,^:,r3 41!^ 

to A, through the water. » i««c« glass plate should then 

be slid over the mouth 

of the vessel, and it may be turned up and down gently for. some little 

time to mix the two gases, and when the mixture is tested with a lighted 

taper, it is found neither to increase nor diminish the illuminating power, 

and the taper bums as it would do in atmospheric air. (Fig. 109.) 
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HTBBOGZK. 

Hydroffen (vdcop, water; ytwam, I eire rise to), so termed by Lavoisier 
— called by other chemistij inflammable air, and phlogiston. Symbol, H ; 
combining properties, 1. The lightest known form of matter. 

Every 100 parts by weight of water contain 11 parts of hydrogen 
gas ; and as tne quantity of water on the surface of tne earth represents 
at least two-thirds of the whole area, the source of this gas, like that of 
oxygen or nitrogen, is inexhaustible. Van Helmont, Mayow, and 
Hales had shown that certain inflanunable and peculiar eases could be 
obtained, but it was reserved for the rigidly philosophic mind of Cavendish 
to determine the nature of the elements contained in, and giving a spe- 
ciality to, the inflammable gases of the older chemists. By actmg with 
dilute acids upon iron, zinc, and tin. Cavendish liberated an inflammable 
elastic gas ; and he discovered nearly all the properties we shall notice 
in the succeeding experiments, and especially demonstrated the compo- 
sition of water in his paper read before the Royal Society in the year 
1784. 

First Experiment. 

Hjdrogen is prepared in a very simple manner, by placing some zinc 
cuttings m a bottle, to which is attached a cork and pewter or bent 
glass tube, and pouring upon the metal 
some dilute sulphuric or hydrochloric 
acid. Effervescence and ebullition take 
place, and the gas escapes in lar^ quanti- 
ties, wMer being decomposed ; the oxygen 
passes to the zinc, and forms oxide of 
zinc, and this uniting with the sulphuric 
acid forms sulphate of zinc, wliich may 
be obtained after the escape of the hy- 
drogen by evaporation and crystallization. 
(Fig. 110.) 

' Zn + HO.SO3 = ZnO.SOs + H ; 

or, 
Zn + HCl = ZnCl + H. 

In nearly all the processes employed 
for the generation of hydrogen gas, a 
metal is usually employed, and this fact 
has suggested the notion that hydrogen 
may possibly be a metal, although it is 
the lightest known form of matter ; and it _, Fig. 110. a. Bottle conta^^ 

.iiT® , J • ni.1- J' « zinc cattiiiira and water and fitted 

Will be observed m all the succeeding expe- ^^th a cap and two- tubes, the one 

riments that a metallic substance will be marked b, containing a funnel, con- 

employed to bAe away the oxygen and ^^i'^l^'^^'^^ 
displace the hydr(^en. through the pipe 0. 
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Whenever hydrogen is prepared it should be allowed to escape from 
the generating vesMl Tor a few minutes before auj fliune is applied, ia 
order that the atmospheric air ma; be expelled. The most senous acci- 
dents have occurred from carelessness in tbia respect, as a mixture of 
hjdn^n and air is explosiTe, and the more dangerous when it takes 
fire in anj close glass bottle. 

Second Eseperimenl. 

If a piece of potassium is confined in a little coarse wire gaaze cage, 
attached to a rod, and thrust under a small jar full of water, placed 
on the shelf of the pnemnBtic trongh, hydrogen «ts is prodaced with 
neat rapidity, and is received into the gas inc. The bit of potassium 
being surrounded with water, is kept cool, whilst the hjdrogen esc^ine 
under the water is not of course burnt awaj, as it is whenever the metal 
ia thrown on the nr/ace of water. 

Third Experiment. 
Across a small iroa table-furnace is placed aboct eighteen inches of 
1 -inch gas-pipe cont^niug iron borings, the whole beiue red-Lot; and 
attached to one end ia a pipe conveying steam from a boiler, or flask, or 
retort, whilst another pipe is fitted to the opposite end, aiid p.isses to 
the pneumatic trough. Directly the steam passes over the ted hot iron 
borings it is deprived of oxypen, which remains with the iron, forming 
the rust or oiiae of iron, whilst the hydrogen, called in tliia case teater 
gat, escapes with great rapidity. When steam is passed over red-liot 
charcoal, hydrogen is also produced with carbonic oxide gas, and this in 
fact is the ordinary procesa of making teater ga», which being pun- ' 
fied is afterwards saturated with some volcUile hydrocarbon and nnmt. 
At first sight, such a mode of making gas would be thought extremely 
profitable, and in spite of the numerous failures the ditcovery (so callcj) 
of voter gas is reproduced as a sort of chronic vimider; but experience 
and practice have clearly demonstrated that waler go* is a fallacy, and 
as long at we can get cool it is nut worth while going tbrongh the 
round'about processes of first burning coal to produce steam; secondly, 



Vi%. IIL >- Fluk conltlnlDg' <iil«r, and prodDrlng ileuD, wblch puaea to lll« ir 
tobe, I B, eonUiranit Ihe Iron boitngi hcalrd red hot In the chiraMl ilove o. T 
' hjdrogen puioi to the Jar », ilanding on the ihFirorttKpneninnticlnmgh. 
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of bonuDg coid to heat charcoal, over which the steam is passed to be 
converted into gas, which has then to be purified and saturated with a 
cheap hydrocarbon obtained from coal or mineral naphtha ; whibt ordi- 
nari coal gaa is obtained at once bj heating coal in iron retorts. 

(%ni.) 

'uins, bj the metala zinc, tin, pataasinni, red'hot iron (and we might 
add sever^ others), the oxjgen of water is removed and hTdn^en gas 
Uberated. 

Fonrlh Expenmeitt. 
If bottles of hydrogen gaa 
are prepared %all theprooesses 
described, the; will present the 
same properties when tested un- 
der similar circumstances. A 
lighted taper applied to the 
months of the bottles of hydro- 
gen, which shonld be inverted, 
causes the gas to take flre with a 
shght noise, in consequence of 
the miiture of air and nydrogen 
that invariably takes phkce when 
the stopper is removed; on 
thrusting the lighted taper into 
the bulk of the gas it is extin- 
gniahed, showing that hydrogen 
possesses the opposite quality to 
oiygen— viz., tnat it takes fire, 
but does not support combustion. 
By keeping the Dottles contain- 
ing the hydrogen upright, when 
the stopper is removett the gas 
escapes with great rapidity, and 
atmoapherio air takes its place, 
so much so that by the tune a 
lighted taper is applied, instead 
of the gas bonuDg quietly, it fre- 
qocntlj astonishes the operator 
with a lond pop. This sudden 

attack on the nervea maTbe pre- , ^^- !'*■ »■ ^^^' "P""^ npriiflit, ind 
vented by always e.pen'ment'iu^ X^^btS£«t^TttX±?r^ 
with inverted bottles. (Fig. 112.) "» i -j 

Fifth Expcrlmenl. 

Hydrogen is l*-4 lighter than air, and for that reason may be passed 

into botUes and jars without the assistance of the pnenmatio trough. 

One of the most amusing proofs of its levity is that of filling paper bags 

or balloons with this gas ; and fre read, in the accounts of the tStes at 
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Fari9, of thenseof baJloons iDgemouslycDnatnicted to r^resent animals, 

so that a regular aerial hunt was extiibited, with thia drawback onl;, 

that nearly all the aniniala preferred ascending with their legs upwards, 

a circnmstance which provoked intense mirth amongst the volatile 

Frenchmen. The hghtness of hydrogen may be shown in two ways — 

first, by filling a little goldheater's-skin halloon with pure hydrogen 

(prepared by passing the gas made from zinc and dilute pure sulphuric 

acid through a strong solution of potasb, and afterwards through one 

of nitrate of silver), and ollowiiie the halloon to ascend; aad then 

afterwards, hatingof course secured theballoonbyathin twine or strong 

thread, it may be pulled down and thegas inhaled, when a most curious 

effect is produced on the voice, which is suddenly changed from a innnly 

boss io a ludicrous nasal squeaking sound. The only precautions 

ueceaaary are to make the gaa quite pure, and to avoid flame whilst 

inhaling the gas. ItisrelatedhyCfbaptolthatthe intrepid (quEere, foolish) 

bat unfortunate aeronaut, Mona. Filate de Bosio, having on one occasion 

inhaled hydrogen gas, was rash enough, to approach a lighted candle, 

when an explosion took place in his mouth, which he says "aaito 

viokni that if fancitd ail iit Uelk mere driven out." Of conrae, if it 

were possible to change by some eitraordinaiy power the condition of 

the atmosphere in a concert-room or theatre, all the bass voices would 

become extremely nasal and highly comic, 

whilst the sopranos would emulate railway 

whistles and screech fearfully ; and supposing 

the specific gravity of the air was continu- 

, ally and materially changing, our voices 

' would never be the same, but alter day by day, 

according to the state of the air, so that the 

" familiar voice" would be an impossibility. 

A bell run^ in a gas jar containing tdr 

emits a very mfferent sound from that lAich 

is produccQ in one full of hydrogen — a simple 

experiment is easily performed bypasaingajar 

containing hydn^n over a self-acting bell, 

such as IS used for telegraphic purposes. 

(I^g. 113.) 

StrtA Etpei-iiuenl. 

Some of the small pipes from an oi^on 

may be made to emit the moat curious sounds 

by passing heavy and light gases through 

them; in these experiments bags contuning 

Flir. 113. i. Etud uid beU. the gases should be employed, which may 

ii^^MKd upiainre.bT lining through the organ pipes at precisely the 
It wiih the tiiob Bt^ lop, game pressure. 

wlun the mnou chui^eft Id ttie ' 

MHmd of tb* b«U m «idlbl«. 
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SetenlA Exjpmmeni. 
One of those toys called "The Squeak- 
ing Toy" affords another and ridicnlona 
example ot the effect of hydrogen on sound, 
when it is used in a jar contaiuiiig tbia 
gas. (Tig. 114.) 

Iiijjhfh Experiment. 
An accordion played in a large leoeptade 
containii^ hydrogen gas demonstrates still 
more clearly what would be tbe'efTect of 
an orchestra shut np in n room containing 
a miitnre of a considerable portion Si 
hydrogen with air, as the former, like 
nitrogen, ia not a poison, and only kills in 
the absence of oxygen gas. 

Ninth Experiment. 

Some YCTf amusing experiments with „^ Th.«u«H»etoi,u«<i 
balloons have been devised bj Mr. Uarhy, iniju-ofhydrogHi. 

the eminent firework manufactnrer, by 

which they nre made to carry signals of three kinds, and thus the 
motive or ascending power may be utilized to a certain extent. 

Mr. Darby's attention was first directed to the mannfacture of a 
good, serviceable, and cheap balloon, which he made of paper, cut with 
matheniaticaJ precision; the gores or divisions being mode equal, 
!Hid wben pasted together, strengthened by the insertion of a string 
at the juncture; so that the skeleton of the balloon was made of 
strinc, the whole terminating in the neck, which was further stif- 
fenea with calico, and completed when required by a good coating 
of boiled oil. These balloons are about nine feet high and five feet in 
diameter in the widest part, exactly like a pear, and tapering to the 
neck in the most graceful and elegant manner. They retain the hydrogen 
ns remarkably well for many hours, and do not leak, in consequence of 
the paper of which they are made being well selected and all holes 
stopped, and also &om the circumstance of the pressure being so well 
distributed over the interior by the almost mathematical predaion with 
which they are cut, and tlie careful preparation of the paper with prop^ 
Tamifh. One of tbeir greatest recommendations is cheapness ; for 
whilst a gold-beater's skm balloon of the same size would cost about 5/., 
these can be furnished at fi«. each in large quantities. 

A balloon required to carry one or more persons must be constructed 
of the best materials, and cannot be too carefully made ; it is therefore 
a somewhat costly affair, and as much as 300^., 600/., and even 1000/. 
have been expended in the construction of these aerial chariots. 

The chief points requiring attention are : — first, the quality of the 
silk; secondly, the precision and acmpiilons nicety required in cutting 
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o\it and joining the «)res ; thirdly, the application of a good varnish to 
fill up the pores of the silk, whicn must be insoluble in water, and suf- 
ficiently elastic not to crack. 

The usual material is Indian silk (termed Corah silk), at from 2«. to 
2*. 6d, per yard. 

The ffores or parts with which the balloon is constructed require, as 
before stated, great attention; it being a common saying amongst 
aeronauts, "that a cobweb mil hold the gaz if properly shaped,* tiie 
object being to diffuse the pressure equally over the whole bag or 
balloon. 

The varnish with which the silk is rendered air-tight can be made 
according to the private recipe of Mr. Graham, an aeronaut, who states 
that he uses for this purpose two gallons of linseed oil (boiled), two 
ditto (raw), and four ounces of beeswax ; the whole being simmered 
together for one hour, answers remarkably well, and the varnish is 
tough and not liable to crack. 

LOT repairing holes in a balloon, Mr. Graham recommends a cement 
composed of two pounds of black resin and one pound of tallow, 
melted together, and applied on pieces of varnished silk to the apertures. 

The actual cost of a Balloon will be understood from information also 
derived from Mr. Graham. His celebrated "Victoria Balloon,'* which 
has passed through so many hairbreadth escapes, was sixty-five feet 
high, and thirtv-eight feet in diameter in the broadest part ; and the 
following articles were used in its construction : — 

£ 9. d. 

1400 yards of Corah silk, at 2*. ^d, per yard . .175 

The netting weighed 70 lbs . 20 

Extra ropes weighed 20 lbs. at 2*. per lb. \: ,■ , 2 

The car weighed25 lbs 7 

Varnish, wages, &c 16 

£220 

Thirty-eight thousand cubic feet of coal gas were required to fill this 
balloon, charged by one company 20/., by others from 9/. to 10/. ; and 
eight men were required to hold the inflated baggy monster. 

Such a balloon as described above is a mere soap bubble when com- 

?ared with the " New Aerial Ship" now building in the vicinity of New 
ork ; the details are so practical and interesting, that we quote nearly 
the whole account of this mammoth or Great Eastern amongst balloons, 
as given in the New York Times. 

" An experiment in scientific ballooning, greater than has yet been 
undertaken, is about to be tried in this city. The project of crossing 
the Atlantic Ocean with an air-ship, long talked of, but never accom- 
plished, has taken a shape so definite that the apparatus is already pre- 
pared and the aeronaut readv to undertake his task. 

*' The work has been conaucted quietly, in the immediate vicinity of 
New York, since the opening. of spring. The new air-ship, which has 
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been christened the City of New York, is so nearly completed, that but 
few essentials of detail are wanting to enable the projectors to bring it 
visibly before the public. 

''The aeronaut in charge is Mr. T. S. C. Lowe, a New Hampshire 
man, who n^ made thirty-six balloon ascensions. 

" The diihensions of the City of New York so far exceed those of 
any balidon previously constructed, that the bare fact of its existence is 
notable. Briefly, for so large a subject, the following are the di- 
mensions : — Greatest diameter, 1 30 feet ; transverse diameter, 104 feet ; 
height, from valve to boat, 350 feet ; weight, with outfit, 3 J tons ; 
iiftmg power (aggregate), 22^ tons ; capacity of gas envelope, 725,000 
cubic feet. 

" The City of New York, therefore, is nearly five times larger than 
the- largest balloon ever before built. Its form is that of the usual 
perpendicular gas-receiver, with basket and lifeboat attached. 

" Six thousand yards of twilled cloth have been used in the con- 
struction of the envelope. Keduced to feet, the actual measurement of 
this material is 54,000 feet — or nearly 11 miles. Seventeen of Wheeler 
and Wilson's sewing machines have been employed to connect the 
pieces, and the u|)per extremity of the envelope, intended to receive the 
gas-valve, is of triple thickness, strengthened with heavy brown linen, 
and sewed in triple seams. The pressure being greatest at this point, 
extraordinarjr power of resistance is requisite. iS is asserted that 100 
women, sewing constantly for two years, could not have accomplished 
this work, which measures by miles. The material is stout and the 
stitching stouter. 

" The varnish appUed to this envelope is a composition the secret of 
which rests with Mr. Lowe. Three or four coatings are applied, in 
order to prevent leakage of the gas. 

''The netting which surrounds the envelope is a stout cord, manu- 
factured from nax expressly for the purpose. Its aggregate stren^h is 
equal to a resistance of 160 tons, each cord being capable of sustaming 
a weight of 400 lbs. or 500 lbs. 

"The basket which is to be suspended immediately below the balloon 
is made of rattan, is 20 feet in circumference and 4 feet deep. Its form 
is circular, and it is surrounded by canvas. This car will carry the 
aeronauts. It is warmed by a lime-stove, an invention of Mr. O. A. 
Gager, by whom it was presented to Mr. Lowe. A lime-stove is a new 
feature in air voyages. It is claimed that it will furnish heat without 
fire, and is intended for a warming apparatus only. The stove is 1| feet 
high, and 2 feet square. Mr. Lowe states that he is so well convmced 
of the utility of this contrivance, that he conceives it to be possible to 
ascend to a region where water wiU freeze, and yet keep himself from 
freezing. This is to be tested. 

" Dropping below the basket is a metallic lifeboat, in which is placed 
an Ericsson engine. Captain Ericsson's invention is therefore to be 
tried in mid-air. Its particular purpose is the control of a propeller, 
rigged upon the Principle of the screw, by which it is proposed to obtain 

I 
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n relating ^ower. The application of the mechanical power is in- 
geniously devised. The propeller is fixed in the bow of the lifeboat, 
projecting at an angle of about forty-five degrees. Prom a wheel at 
the extremity twenty fans radiate. Each of these fans is 5 feet in 
length, widening gradually from the point of contact with the screw to 
the extremity, where the width of each is 1^ feet. Mr. Lowe claims 
that by the application of these mechanical contrivances his air-ship 
can be readily raised or lowered, to seek different currents of air ; that 
they will give him ample steerage way, and that the^ will prevent the 
rotatory motion of the machine. In applying the principle oi the fan, he 
does not claim any new discovery, but simply a practical development 
of the theory advanced by other aeronauts, and partially reduced to 
practice by Charles Green, the celebrated English aeronaut. 

'*Mr. liowe contends that the application of machinery to aerial 
navigation has been long enough a mere theorv. He proposes to 
reduce the theory to practice, and see what will come of it. It is 
estimated that the raismg and lowering power of the machinery will be 
equal to a weight of 300 lbs., the fans oeing so adjusted as to admit of 
very rapid motion upward or downward. As the loss of three or four 
pounds only is sufficient to enable a balloon to rise rapidly, and as the 
escape of a very small portion of the gas suffices to reduce its altitude, 
Mr. liOwe regards this systematic regulator as quite sufficient to enable 
liim to control his movements and to keep at any altitude he desires. 
It is his intention to ascend to a height of three or four miles at the 
start, but this altitude will not be permanently sustained. He prefers, 
he says, to keep within a respectable distance of mundane things, where 
' he can see folks.' It is to be hoped his maclunenr will perform all 
that he anticipates from it. It is a novel affair tnroughout, and a 
variety of new applications remain to be tested. Mr. Lowe, expressing 
the utmost confidence in all the appointments of his apparatus, assur^ 
us that he would certainly go, and, as certainly, would go into the ocean^ 
or deliver a copy of Monday's !Bmes in London on the following 
Wednesday. He proposes to effect a landing in England or Erance, 
and will take a course north of east. A due easterly course would 
land him in Spain, but to that course he objects. He hopes to make 
the trip from this city to London in forty-eight hours, certainly in sixty- 
four hours. He scouts the idea of danger, goes about his preparations 
deliberately, and promises himself a good time. As the upper currents, 
setting due east, will not permit his return by the same route, he pro- 

Eoses to pack up the City of New York, and take the first steamer for 
ome. 
"The air-ship will carry weight. Its cubical contents of 725,000 
feet of gas suffice to lift a weight of 22| tons. With outfit complete 
its own weight will be S^tons.^ With this weight 19 tons of lifting 
power remain, and there is accordingly room for as many passengers as 
will care to take the venture. We understand, however, that the 
company is limited to eight or ten. Mr. Lowe provides sand for 
ballast, regards his chances of salvation as exceedingly favourable^ 
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plaees implicit faith in the stren^h of his netting, the power of his 
machineiy, and the huoYancy of hts lifeboat, and altogether considers 
himself secure from the hazard of disaster. If he accomplish his voyage 
in safety^ he will have done ifiore than any air navigator has yet ventured 
to undertake. If he fail, the enterprise sinks the snug sum of 20,000 
dollars. Wealthy men who are his backers, sharing his own enthusiasm, 
declare failure impossible, and invite a patient public to wait and see." 

A night ascent witnessed at any of the pubhc ^dens is certainly a 
stirring scene, particularly if the wind is rather high. On approachmg 
the balloon, swayed to and fro by the breeze, it seems almost capable of 
crushing the bold individual who would venture beneath it ; seen as a 
large dark mass in the yet diml^-lighted square, it appears to be inca- 
pable of control ; when the inflation is completed, the a^naut, all im- 
portance, seats himself in the car, and blue lights, with other fire- 
works, display the victim who is to make a " last ascent," or perhaps 
descent finally the word is given, the ropes are cast off, and the bulky 
chariot rises majestically to the sound of the National Anthem, llie 
crowd see no more, but the next day's Times reports the end of the aerial 
journey. 

Balk>ons can never be of any permanent value as means of locomotion 
until they can be steered ; ana tnis is a problem, the solution of which is 
something like perpetual motion. In the first place, a balloon of waj size 
exposes an enormous surface to the pressure and force of the winds ; 
and when we consider that they move at the rate of from three to eightv 
miles per hour, it will be understood that the fabric of the baUoon itself 
must give way in any attempt to tear, work, or pull it against such a 
force. Secondly and lastly, the power has not yet been created which 
will do all this without the inconvenience of being so heavy that the 
steering engjhe fixes the balloon steadily to the earth by its obstinate 
gravity. When engines of power are constructed without the aeronaut's 
obstacle of weight---when balloons are made of thin copper or sheet-iron, 
then we may possibly hear of the voyage of the good ship Aerial, bound 
for any place, and quite independent of dock, port, and the host of dues 
{quere), which the sea-going snips have to disburse. It is, however, gratify- 
ing to the zeal and perseverance of those who dream of aerial navigation, to 
know that a balloon is not quite useless ; and here we may return to the 
consideration of Mr. Darby^s signals, which are of various kinds, and in- 
tended to appeal to the senses by night as weU as by day ; and first, by 
audible sounds. Such means have long been reco^ised, &om the ancient 
flo&t and bell of the '* Inchcape Eock," to the painful minute-gun at sea, or 
tiie shrill railway whistle and detonating signals employed to prevent the 
horrors of a collision between two trains. The signal sounds are pro- 
duced by the explosion of shells capable of yielding a report equal to 
that of a six-pounder cannon, and they are constructed in a very simple 
manner. A ball, composed of wood or copper, and made up by screwing 
together the two hemispheres, is attached to a shaft or tail of cane or 
lance-wood, properly feathered like an arrow ; at the side opposite to 
that of the arrow — viz., at its antipodes, is placed a slight protuberance 
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containing a minute bulb of glass filled with oil of vitriol, uid aur- 
ronoded with a mixture of chlorate of potash and sugar, the whole being 
protected with Kutta-percha, and communicating by a touch-hole with 
the interior, which is of coarse Med with gunpowder. These sheila are 
attached to a circular framework bj a strong whipcord, which passes 
to a central fuse, and are detached one after the other as the slow fuse 
(ma^e hollow ob the priociple of tho argand lamp) bums steadily awaj. 
Directly a sheE falls to the ground, tbeTittle bulb containing the oil of 
vitriol hreaks, and the acid coming in contact with the chlorate of 
potash and sugar, causes the mixture to take tire, when the gunpowder 
explodes. During the siege of Sebastopol many similar mines were 
prepared h\ the Kusaians m the earth, so that when an unfortunate 
soldier trod upon the spot, the concealed mine blew up and seriously 
injured him; such petty warfare is as bad as shooting sentries, and a 
cruel application of science, that unnecessarily increases the miseries of 
nar without producing those grand results for which the truly great 
captains, Wellin^on and Napoleon, only wan^. (Fig. 115.) 
l^e bill distributor consists of a long piece of wood, to which are 
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attached a number of hollow fuses, with packets of bills, protected from 
being burned or singed by a thin tin plate ; 10,000 or 20,000 bills can 
thus be delivered, and the wind assists in scattering them, whilst the bal- 
loon travels over a distance of many miles. It must be recollected that 
in each case the shells and the bills are detached by the string burning 
away as the fire creeps up from the fuse. (Fig. 116.) 

Another most ingenious arrangement, also prepared by Mr. Darlpr, 
is termed by the inventor, the "Land and Water Signal," and may be 
thus described : — ^A short hollow ball of gutta-percha, or other con- 
venient material, five or six 
inches in diameter, and filled 
with printed bills, or the in- 
formation, whatever it may 
be, that is required to be 
sent, is attached to a cap to 
which a red flag, havine the 
words " Open the shell, and 
four cross stieks, canes, or 
whalebones with bits of cork 
at equal distances, are fitted. 
The whole is connected by 
a string to the fuse as before 
described. These signals 
are adapted for land and 
water : m either case they 
fall upright, and in conse- 
quence of the sticks pro- 
jecting out they float well 
in the water, and can be 
seen by a telescope at a dis- 
tance of three miles. (Fig. 
117.) Many of these sig- 
nals were sent away by Mr. 
Darby from Vauxhall; one „. ,. ^ , . . . , , ^, . 

«r«o !^:/«l>a/) «« «+ TToi.nri'/tk Fijf. 117. HiG land and water siffnal, which re- 

was picked up at Harwich, ^^ ^p^ght on land, or floats on the surface of 

another at Brighton, a third water, a. The water-tight guttarpercha shell, oon- 
at Croydon; in the ktter tuning the message or informaUon.B b b sticks 
«»v xy»vfj«'^"> "* t . of cane to keep the flag in an upright position; at 

case it was tound by a cot- the ends are attached cork bongs, 
tager, who, fearing gunpow- 
der and combustibles, aid not examine the shell, but having mentioned 
the circumstance to a gentleman living near him, they agreed to cut it 
open ; and intelligence of their arrival, in thb and the otlier cases, was 
politely forwarded to Mr. Darby at Vauxhall Gardens. 

Balloons, like a great many otner clever inventions, have been despised 
by military men as new-fauffled expedients, toys, which may do very weU 
to please the gaping public, but are and must be useless in the field. 
Over and over again it has been suggested that a balloon corps for 
observation should be attached to the British armv, but the scheme has 
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been rejected, although the expense of a few yards of silk and the ffene* 
ration of hydrogen sas would be a mere bagatelle as compared with the 
transport and use of a single 32-ponnder cannon. The antiquated notions 
of octogenarian generab have, however, received a great shock in the 
fact that the Emperor Napoleon III. was enabled, by the assistance of 
a captive balloon, to watch the movements and dispositions of the 
Austrian troops ; and witH the aid of the information so obtained, he 
made his preparations, and was rewarded by the victory of Solferino ; 
and as soon as the battle was over Napoleon lU. occupied at Cavriana 
the very room and ate the dinner prepared for his adversary, the Emperor 
Erancis Joseph. 

Over and over again the most excellent histories have been written o£ 
aerostation, but they all tend to one truth, and that is, the great danger 
and rfsk of such excursions ; and to enable our readers to form their 
own judgment, a chronological list of some of the most celebrated 
aeronauts, &c., is appended. 

1675. Bemair attempted to fly — killed. 

1678. Besnier attempted to fly, 

1772. L'Abb6 Desforges announced an aerial chariot. 

1783. MontgoMer constructed the first air balloon. 

„ "Bxihe&sfreres, first ^as balloon, destroyed by the peasantry of 
Geneva, who imagmed it to be an evil spirit or the moon. 

1784. Madame Thibl^, the first lady who was ever up in the clouds ; 

she ascended 13,500 feet. 
„ Duke de Chartres, afterwards Hyalite Orleans, travelled 135 

miles in five hours in a balloon. 
„ Testu de Brissy, equestrian ascept. 
„ D'Achille, Desgranges, and Cha|p?ur— Montgolfier balloon. 
„ BacqueviUe attempted a flight witH wings. 
„ Lunardi — gas balloon. '■ 

„ Eambaud — ^Montgolfier balloon, which was burnt. 
„ Andreani — ^Montgolfier balloon. 

1785. General Money — ^gas balloon, fell into the water, and not rescued 

for six hours. 
Thompson, in crossing the Irish Channel, was run into with the 
bowsprit of a ship whilst going at the rate of twenty miles 
per hour. 
Bnoschi — ^gas balloon ascended too high and burst the balloon ; 
the hurt he received ultimately caused his death, 
„ A Venetian nobleman and his wite — gas balloon — killed. 
„ Pilatre de Rozier and M. Bomain— gas balloon took fire — ^botli 
killed. 
1806. Mosment — gas balloon — killed. 

„ Olivari — ^Montgolfier balloon — killed. 
1808. Degher attempted a flight with wings. 
1812. Bittorf — ^Montgolfier balloon — killed. 
1819. Blanchard, Madame — ^gas haHoon— killed. 
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. balloon, ascended 23,040 feet above tbe level of 
iroinetei 12-95 inches; thennometer 14'9 Fah. 
„ Qa; LnasBG and Biot — gas balloon for the benefit of science 
EoUi philosophers returned safely to tbe earth. 
1S24. Sadler— gaa Yiailoon.— tilled. 
„ Sheldon — gas balloon. 
„ Harrig — gas balloon — tilled. 
1836, Cocking^-parachute from gas balloon— MW. 
1817. Godarf— Mont£Dl£ei balloon fell iato and e&trieated from the 

Seine. 
1850. Poileiin, a snccessfnl French aeronaut. 
„ Gale, Lieut. — gas bgHoon— tilled. 
„ Bisio and £arral — ^ balloon. 
„ Graham, Mr. and Mrs. — gaa balloon. — Serioos accident ascending 

near the Great EiUbitiou in Ejde Park. 
„ Green, the moat aucceasful living aerooout of the present time. 

Of the 41 persons enumerated, 14 were killed, and oesrlj all tiw 
.acrouaiits met with accidents which might have proved fatal. 
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Tenth Experifiient. 

Soap bubbles blown with hydrogen gas ascend with great rapidity, 
and break against the ceiling ; if interrupted in their course with a 
lighted taper they bum with a slight yellow colour and dull report. 

Eleventh Experiment, 

By constructing a pewter mould in two halves, of the shape of a 
tolerably large flask, a balloon of collodion may be made by pouring the 
collodion inside the pewter vessel, and taking care that every pwi; is 
properly covered ; the pewter mould may be warmed by the external 
application of hot water, so as to drive off the ether of the collodion, 
and when quite dry the mould is opened and the balloon taken out. 
Such balloons may be made and inflated with hydrogen by attaching to 
them a strip of paper, dipped in a solution of wax and phosphorus, and 
sulphuret oi carbon ; as tne latter evaporates, the phosphorus takes fire 
and spreads to the balloon ; which bums with a slight report. The pewter 
moula must be verv perfectly made, and should be bright inside ; and if 
the balloons are fillea with oxygen and hydrogen, allowing a sufficient 
excess of the latter to give an ascending power, they explode with a 
loud noise directly the fire reaches the mixed gases. 

Twelfth Experiment. 

In a soup-plate place some strong soap and water ; then blow out 
a number of bubbles with a mixture of oxygen and hydrogen ; a loud 
report occurs on the application of flame, and if the room is small the 
wmdow should be placed open, as the concussion of the air is likely to 
break the glass. 

Thirteenth Experiment, 

Any noise repeated at least thirty-two times in a second produces a 
musical sound, and by producing a number of small explosions of 
hydrogen gas inside glass tubes of various sizes, the most peculiar 
^sounds are obtained. The hydrogen flame should be extremely small, 
and the glass tubes held over it may be of all lengths and diameters ; 
a trial only will determine whether they are fit for tne purpose or not. 

Fourteenth Experiment. 

Mowers, figures, or other designs, may be drawn upon silk with a 
solution of nitrate of silver, and the whole bein^ moistened with water, 
is exposed to the action of hydrogen gas, which removes the oxygen 
from the silver, and reduces it to the metallic state. 

In like manner designs drawn with a solution of chloride of gold are 
produced in the metaSic state by exposure to the action of hydrogen 
gas. Chloride of tin, usually termed muriate of tin, may also be 
reduced in a similar manner, care being taken in these experiments thalT 
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the fsbric upon irbich the letters, figures, or desi^ are punled iritli 
the metallic solation be kept quite damp whilst exposed to tlie 
hydrogen gaa. 

Fifteenth Sxperimenl. 

A mixture of two Tolumea of hydrogen with one volume of oxjgeu 
explodes with great violence, and produces two Tolames of steam, wLicli 
condense against tlie sides of the strong glass vessel, in which the 
experiment may be made, in the form of water. As the apparatus 
called the Cavendish bottle, by which this experiment only may be 
safely perfonn&d, is somewhat expensive, and leqnires the use of .an 
air-pump, gas jars with stop-cocks, and anelectrical macbine and Leyden 
jar, other and more simple means may be adopted to show the combi- 
nation of oxygen and hydrogen, and fonnntion of water. 

If a little alcohol is placed in a cup and set on fire, whilst an empty 
cold gas jar is held over the flame, an abundant deposition of moisture 
takes place from the combustion of the hydrogen of the spirits of wine. 
Alcohol contains six combining properties of hydrogen, with fonr of 
charcoal and two of oxygen. If a Lghted candle, or an oil, camphine, 
Belmontine, oi gas flame, is placed under a proper condenser. Urge 
qnantities of water are obtainea by the combustion of these siubatances 
(Figr- 119)- 
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Sixteenth Experiment, 

During the combustion of a mixture of two volumes of hydrogen with 
one of oxygen, an enormous amount of heat is produced, which is use- 
fdly sppfied in the arrangement of the oxy-hydiogen blowpipe. The 
flame of the mixed gases produces little or no light, but when directed 
on various metals contained in a small hole made in a fire brick, a most 
intense light is obtained from the combustion of the metals, which is 
variously coloured, according to the nature of the substances employed. 
With cast-iron the most vivid scintillations are obtained, particularly if 
after having fused and boiled the cast-iron with the jet of the two gases, 
one of them, viz., the hydrogen, is turned ofiP, and the oxygen only 
directed upon the fused ball of iron, then the carbon of the iron bjirns 
with great rapidity, the little globule is enveloped in a shower of sparks, 
and the whole affords an excellent notion of tne principle of Bessemer's 
patent method of converting cast-iron at once into pure malleable iron, 
or bv stopping short of the full combustion of carbon, into cast-steel. 

Tne apparatus for conducting these experiments is of various kinds, 
and different jets have been from time to time recommended on account 
of their alleged safety. It may be asserted that all arrangements pro- 
posed for burning any quantity of the mixed gases are extremely dan- 
gerous : if an explosion takes place 
it is almost as aestructive as gun- 
powder, and should no particular 
damage be done to the room, there 
is stiff the risk of the sudden vibra- 
tion of the air producing permanent 
deafness. If it is desiied to bum 
the mixed gases, perhaps the safest 
apparatus is that of Gumey ; in this 
arrangement ttie mixed gases bubble 
up through a little reservoir of water, 
__ and thus the ^sholder — viz., a 

Pig. 120. Gnrney's jet A. Pipe with bladder, is cut off from the jet when 
stop^ck leading from the gas-holder, the combustion takes place. (Fig. 
B. The little reservoir of water through -yarw Tin* ipf is miiph rerom- 
which the mixed gases bubble, c. The ^^^'l ,/^^ J^ \ mucu recom- 
jet where the pses bum. d. Cork, which mended by Mr. W oodward, theniglily 
is blown out if the flame recedes hi the respected President of the Islin^on 
^^*'' Literary and Scientific Institution, 

and may be fitted up to show the phenomena of polarized light, the 
microscope, and other interesting optical phenomena. 

Mr. Woodward states, that a series of experiments, contmued dmin^ 
many jears, has proved, that while the bladder containing the mixed 
gases IS under pressure, the flame cannot be made to pass the safety 
chambers, and consequently an explosion is impossible; and even if 
through extreme carelessness or design, as by the removal of pressure or 
the contact of a spark with the bladder, an explosion occurs, it can 
produce no other than the momentary effect of the alarm occasioned by 
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Fig. 121. A. The bladder of mixed gases, pressed by the board, b b, attached by wire 
supports to another board, o o, which carries the weights, d d. x x. Pipe to which the 
bladder, ▲, is screwed, and when a is emptied, it is re-filled from the other bladder, x. 
V V V. Pipe conveying mixed gases to the lantern, e g, where they are burnt from a 
Gumey's jet, s. 

the report ; whereas, when the gases are used in separate bags under a 
pressure of two or three half hundredweights, if the pressure on one of 
the bags be accidentally removed or suspended, the gas from the other 
will be forced into it, and if not discovered in time, will occasion an ex- 
plosion of a very dangerous character ; or if through carelessness one 
of the partially emp- 
tied bags should be 
filled up with the 
wrong gas, effects of 
an equally perilous 
nature would ensue. 
In the oxy-hydro- 
gen blowpipe usually 
employed, the gases 
are kept quite sepa- 
rate, either in gas- 
ometers or gas bags, 
and are conveyed oy 

distinct pipes to a ^Ig. 122. DanieU's jet. o o. The stop^jock and pipe eon- 

jet of very simple reying oiygen, and fitting inside the larger tube hh, to which 

construction, devised ia .attached a stop-oock, H, coimected with the hydrogen re- 

1/ XL "^''*""»**y ceiyer. a. The orifice near which the gases mix, and where 

by the late Professor they are burnt. 

Daniell, where they 

mix in very small volumes, and are burnt at once at the mouth of the 

jet. (Pig. 122.) 

The ^ases are stored either in copi>er gasometers or in air-tight bags 
of Macmtosh cloth, capable of contaming from four to six cubic feet of 
gas, and provided with pressure boards. The boards are loaded with 
two or tmree fifty-six pound weights to force out the gas with sufficient 
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pressor^ and of course must be eaosUj weighted; if an^ chimgc of 
wdeht is made, the stop-cocks shoula be tumea off and the light put out, 
eame most diaastrous results hare occuned from carelessaeas in this 
respect. (Tig. 183.) 



Flg-lSa, Gu big and pKHun boBidi. 

The oxj-hjdrogen jet b further varied in construction bj receiving 
the gasca from sefiarate reservoirs, and allowing them to mil in the 
upper part of the jet, which is provided with a safetj tube filled with 




drculor pieces of 

iDoat intense li^t . ., 

coal gaa ia now usual^ anbatitutod lor hydrdRen. 



...... .— „ (Fig. 124.) With this SLrrangement a 

moat intense lig^t isjtroduced, cal^ the Dmmmond or lime Eght, and 
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Seventeenth Experiment, 

There are many circumstances that will cause the union of oxygen and 
hydroeen, which, if confined by themselves in a glass vessel, may be pre- 
served for any length of time without change ; but if some powdered glass, 
or any other finely-divided substance with sharp points, is introduced 
into the mixed ^es at a temperature not exceeding 660° Fahrenheit, 
then the gases silently unite and form water. 

This curious mode of effecting their combination is shown in a still 
more interesting manner by perfectly clear platinum foil, which if intro- 
duced into the mixed gases graduaUv begins to glow, and becoming red- 
hot causes the gases to explode. Or stiU better, by the methoa first 
devised by Dobereiner, in 1824, by which finely prepared spongy pla- 
tinum — i.e.y platinum in a porous state, and exposing a large metallic 
surface — is almost instantaneously heated red-hot by contact with the 
mixed gases. When this fact became known, it was further applied to 
the construction of an instantaneous light, in which hydrogen was made 
to play upon a little ball of spongy platinum, and immediately kindled. 
These Dobereiner lamps were possessed by a few of the curious, and 
would no doubt be extensively used if the discovery of phosphorus had 
not supplied a cheaper and more convenient fire-giving agent. When 
the spongy platinum is mixed with some fine pipeclay, and made into 
little pills, they may (after being slightly warmed) be introduced into 
a mixture of tne two gases, and will silently effect their union. The 
theory of the combination is somewhat obscure, and perhaps the simplest 
one is that which supposes the platinum sponge to act as a conductor of 
electric influences between the two sets of gaseous particles ; although, 
affain, it is difficult to reconcile this theory with the fact that powdered 
glass at 660", a bad conductor of electricity, should effect the same 
object. The result appears to be due to some effects of surface by 
which the gases seem to be condensed and brought into a condition 
that enables them to abandon their gaseous state and assume that of 
water. 

When Sir H. Davy invented the safety-lamp, he was aware that, in 
certain explosive conditions of the air in coal mines, the flame of the 
lamp was extinguished, and in order that the miner should not be left 
in tne dreary (mrkness and intricacies of the ^lleries without some 
means of seemg the way out, he devised an ingenious arrangement with 
thin platinum wire, which was coiled round the flame of tne lamp, and 
fixed properly, so that it could not be moved from its proper place by 
any accidental shaking. When the flame of the safety-lamp, having the 
platinum wire attached, was accidentally extinguished by the explosive 
atmosphere in which it was burning, the platinum commenced glowing 
with an intense heat, and continued to emit light as long as it remained 
in the dangerous part of the mine. Sir^ H. Davy warned those 
who might use the platinum to take care that no portion of the 
thin wire passed outside the wire gauze, for the obvious reason 
that, if igmted outside the wire gauze protector, it would inflame the 
fire-damp. 
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EighteaUh Expemunt. 

Water is decomposed 
In passing a cnrreot 
of voltMc electricity 
tlirongh it by means of 
two platinum plates, 
which may be connected 
with a ten-cell Grove's 
battery. Tbe gases are 
collected in separate 
tubes, and the experi- 
ment offers one ol the 
most instructive illus- 
trations of tbe composi- 
tion of water. (Fig.i25.) 

There is a current of 
electricity passing from 
and between two plati- 
num pktes decomposing 
water, offering the con- 
Terse of the Dobereiner 

Fig. lU. 1 1. Two platlDDiD plBtea commted with experiment, and highly 
wirei to the (rapt. Th« nirei m puHd throngh holei sURRestive of the proba- 

txwa^'.si'saa'fflrs'fi '% «t it. ije.r, j. 

UIMI.I.. Two KlM>t«ibetflU«d with witeruidiiiiisd with ready adranccd m ex- 
mlphiiiiBidi«dphwdOTertt.pWinuqi Plata-™ pJanation of tbe simra- 
aiiger.»l««, which ilu Hmtiliu dlliile Hilphariii uld to F-™"-— " —- '-i. ^^.gu 
inqimc th* Mndnetlitt pawn ot th« wito. Thewiraor iar comomatLon 01 ozy- 
UMb^taijmplnd&ttiaoiip^tDdlheHniwBabowUie (ten and hYdroiren in the 
dincttai of Ihs asinDt of decMcitT. ° ■'r i" i ^- 

' presence of clean plati- 

num foil, and more especially when we consider the operation of Grove's 
gas batte^, in which a current of electricity is produced by pieces of 
platinum foil covered with Sncly-divided platinum, called platinum black ; 
each piece is contained in a separate glass tube filled alteriiately with 
oxygen and hydrogen, and by connecting a great number of these tubes 
a current of electricity is obtained, whilst the oxygen and hydrogen are 
slowly absorbed and disappear, liSTing combined and formed water, 
although placed in separate glass tubes. (Fig. 126.) 

The analysis of water is shown very petfectiy on the screen by fitting 
up some Tcry small tubes and platinum wires in the same manner as 
shown in fig. ISS. The vessel m which the tubes and wires are con- 
tdned with the dilate sulphuric acid must he small, and arranged so as to 
pass nicely into the space usually filled by the picture in an ordia&ry 
magic lantern, or, still better, m one lighted by the oxy-hydrogen or 
lime light. If the dilute acid is coloured with a little solution of indigo, 
the gradual displacement of the fluid by the production of the two gases 
is veiy perfectlT developed on the screen when the small voltaic battery 
is attached to tne apparatus; and of coarse a large number of persons 
mvr watch the experiment at the same time. 

With respect to the appUcation of the light produced from a jet of 
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JigA26 Gtare tiEtMiMtterj ctro^MtaottabmtxtaUimag oijreDtndhjirogvaMitenaMjt 
and having h tUn piect oC plUlnDiii foil, p, Interted bj the blowpipg in each {;lu> tnbe. 
The foli hanftfl down the ftui lepvth of the interior of the gUu. Euh pair of tahes is 
onntilned in a little gUn tnmhln amtihiing aome dllnU iqlpliirle aold, and the 
^drD^en tube, a, of ooe pair, Is coDnect«d with the oijgen tube, o, of the nexL w w. 
•fbt teiminal wItm of the Mriei. 

the mixed gases thrown upon a ball of lime, it maj be staled that for 
man; years the dissohing view lanterns and other optical effects have 
been produced with the assistance of this tight ; ancl more latelj Major 
Titzmaurice has eocdeiued the mixed ^es in the old-faahioned oil 
eas receivers, and projected them on a oall of lime ; and it was this 
Gght thrown from manv similar arrangements that illnminated the 
British men-of-war when Napoleon m. left her Majesty's jacht at night 
in the docks at Cherbourg. 

Mr, Sykes Ward, of Leeds, has also proposed a most simple and excel- 
lent applicatioo of the oij-liydrogen ligtit for illnmination smfer the 
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aiirfftce of water, and for tlie ( 
diTers, who are frequently obliged to oease their 
operations in consequence of the want of Lglit. 
Mr. Ward's submarine lamp consists of a series 
of veiT strona copper tubes, which are filled 
with the mixed gasesliy means of a force-pump ; 
and in order to prevent the lamp being extin- 
guished, it bums under double glass shades, 
which are desirable in order to prevent the glass 
immediately nest to the light cracking by con- 
tact with the cold water. 

The author tried this lamp at Rjde, and 
although the coast-guards objected to tlie pro- 
duction of a brilliant light at night, which they 
stated might be mistalen for a signal and 
would cause some confusion amongst the war 
vesscb in the immediate neigLbourhood, enough 
experiments were made, to show that the Ward 
lamp would burn for a considerable time under 
water, and could be kept charged with the gas 
bT means of a process that was easily work- 
able in the boat. The gases were taken out 
mixed in gas bags, and pumped into the reser- 
voir when required. With a much larger reser- 
voir greater results could be obtained; and if 
liautilns diving bells are to be used in modem 
warfare, thev will require a powerful light tfl 
show them their prey, so that they maj attach 
tlie explosives woich are to bloy great holes in 
the men-of-war. 
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CHAPTER XI. 

CHLOBIipS, IODINE, BBOIONE, FLUOBINS. 

The four Halogens, or Producers of Substances like Sea Salt, * 

Chlorine {xkapos, green). Symbol, CL Combining proportion, 35*5. 
Specific gravity, 2 '44. Scheele termed it dephlogisticated muriatic 
acid; Lavoisier, oxymnriatic acid; Davy, chlorine. 

The consideration of the nature of tms important element introduces 
to our notice one of the most original chemists of the eighteenth 
century — ^viz., the illustrious Scheele, who was bom at Stralsund, in 1742, 
and in spite of every obstacle, fighting his "battle of life" with sickness 
and sorrow, he succeeded in making some of the most valuable dis- 
coveries in science, and amongst them that of chlorine gas. It was in 
the examination of a mineral solid — ^viz., of manganese — ^that Scheele 
made the acquaintance of a new gaseous element; and in a highly 
original dissertation on manganese, m 1774, he describes the mode of 
procuring what he termed dephlogisticated muriatic acid — a name which 
is certaimy to be regretted, from its absurd length, but a title which 
was strictly in accordance with the then estabUshea theory of phlogiston ; 
and if the latter is considered synonymous with hydrogen, quite in 
accordance with our present views of the nature of Siis element. 
Scheele discovered the leading characteristics of chlorine, and especially 
its power of bleaching, which is alone sufficient to place this gas in a 
high commercid position, when it is considered that all our linen used 
formerly to be sent to Holland, where thev had acquired ereat dexterity 
in the ancient mode of bleaching — ^viz., by exposure of the fabric to 
atmospheric air or the action of the damps or aews, assisted greatly by 
the agency of light. Some idea may be formed of the present value 
of cmorine, when it is stated that the linen goods were retained by the 
Dutch bleachers for nine months ; and if the spring and summer hap- 

Ced to be favourable, the operation was well conducted ; on the other 
d, if cold and wet, the goods might be more or less injured by con- 
tinusd exposure to unfavourable atmospheric changes. At the present 
time, as much bleaching can be done in nine weeks as might formerly 
have been conducted in the same number of months ; and the whole of 
the process of chlorine bleaching is carried on independent of external 
atmospheric caprices, whilst the money paid for the process no longer 
passes to Holmnd, but remains in the hands of our own diligent 
oleachers and manufacturers. 

First Experiment, 

As Scheele first indicated, chlorine is obtained by the action of the 
black oxide of manganese, on "the Spirit of Salt," or hydrochloric 
acid ; and the most elementary and instructive experiment snowing its 
preparation can be made in the following manner :— 
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Place in a dear Elorence oil-flask, to which a cork and bent tube have 
been first fitted, some strong faming hydrochloric acid. Arrange the 
flask on a rin^-stand, and then pass the bent tnbe either to a Wolfe's 
bottle containing some pumice stone moistened with oil of vitriol, or to 

a glass tube containing 
either pumice or as- 
bestos wetted with the 
same acid. Another 
glass tube, bent at 
right angles, p asses 
away from the Wolfe's 
bottle into a receiving 
bottle. (Fig. 130}. On 
the apphcation or heat, 
the hydrochloric gas is 
driFcn ofiT from its so- 
lution in water, and 
any aqueous vapour 
carried up is retained 
by the asoestos or pu- 
mice stone wetted 

Pig. 130. A. Flask oontainmg the fimung hjdroohlorio 'xi- *\ ^f ^^if^i'/vl . +1,^ 

Bid, which is gently boUed by the heat ofthe spirit lamp, wlin OU 01 VIWIOI , lUO 

. Tube passing to the Wolfe^s bottle, containing pumice- appucation 01 the lat- 

stone or asbestos moistened with snlphnrio amd. o. fp. » pallprl /Irttin/t ih^ 

Second tube passing into a dry empty bottle, which reoeiTeB ^^ ** cauea wryxTig ine 

thehydrochlorioaddgas. ffCU — ^l.e., depriving it 

of all moisture ; some- 
times the salt called chloride of calcium is used for the same purpose, and 
it must be understood by the juvenile chemist that gases are not dried 
like towels, by exposure to heat, or by putting them in bladders before the 
fire, as we once heard was actually recommended, but by causing the gas 
charged with invisible steam to pass over some substance having a great 
affimty for water. The dry hydrochloric gas falls into the bottle, and dis- 
places the air, being about one-fourth heavier than the latter, and gradu- 
ally overflowing from the mouth of the vessel, produces a white smoke, 
wmch is found to be acid by litmus paper, but has no power to bleach, 
and is not green; it is, in fact, a combination of one combining pro- 
portion of chlorine with one of hydrogen, and to detach the latter, and 
set the chlorine free, it is necessair to convey the hydrochloric gas to 
some bodj which has an affinity for hydrogen. Such a substance is 
provided in the use of the black oxide of manganese, which is placed 
either in a small flask or in a tube provided with two bulbs, and when 
heated with the lamp it separates the hydrogen from the hydrochlorio 
gas, and forms water, which partly condenses in the second bulb. And 
now the gas that escapes is no longer acid and fuming with a white 
smoke on contact with the air; but is green, has a strong odour, 
bleaches, and is so powerful in its action on all living tissues, that it 
must be carefully avoided and not inhaled; if a small quantity is acci- 
dentally inhaled, it produces a violent fit of coughing, which lasts a 
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oonsidmble time, and is only abated by inlmliiip tbe dilated yaponr of 
ammonia^ or ether, or alcohol, and swaliowinff milk and other softening 
drinks, ^ig. 131). 







O 



Fig. 131. A. The flask containing the ftiming hydrochlorie add, heated by spirit laOD. 
B. Tube passing to Wolfe's botUe, containing the pumice-stone or asbestos wetted with 
oilofvimol. c. Second tube, which passes into a wlde-monthed small flask containing 
hiack oxide of manganese partly in powder and partlv in lamp : and the third tobe 
conveys the chlorine to any convenient vesseL The doable balb tab^ b x, may be sabstl- 
tated for the flask, the oxide of manganese behig contained hi the balb ic— N.B. Any tube 
amay be joined on to another by a bit of indiarrobDer tubing, which is tied l^ string. 

B 




Tube ▲ is joined to tnbe b by the caontchoac pipe c, tied with paekthread. 

Second Eipperiment 

The mode of preparing chlorine, as abready given, though very in- 
structive, is troublesome to perform; a more simple process may there- 
fore be described :— 

Pour some strong hydrochloric acid upon powdered black oxide of 
manganese contained in a Florence oil-flask, taking care that the whole 
of tl^ black powder is wetted with the add so that none of it clings to the 
bottom of the flask in the dry state to cause the ^lass to crfusk on the 
application of heat. A cork and bent glass tube is now attached, and 
conveyed to the pneumatic trough; on the application of heat to the 
mixture in the ^sk the chlorme is evolved, and may be collected in 
stoppered bottles, the first portion that escapes, although it contains 
atmospheric air^ should be carefully collected in order to prevent any 

k2 
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accident from inhaling the gas, and it will do very well to illustrate the 
bleaching power of 3ie gas, and therefore need not be wasted. The 
above process may be described in symbols, all of which are easily dec!- 
pherea by reference to the table of elements, page 86. 

MnO,+2 HCl=MnCl+2 HO+CL 

Third Experiment, 

Another and still more expeditions mode of preparing a little chlorine, 
is by placing a small beaker glass, containing half an ounce of chlorinated 

lime, usually termed chloride of 
lime or bleaclung powder, care- 
fully at the bottom of a deep and 
large beaker dass, and then, by 
means of a tuoe and funnel, con- 
veying to the chloride of lime 
some dilute oil of vitriol, com- 
posed of hair acid and half 
water ; effervescence immedi- 
ately occurs from the escape of 
chlorine gas, and as it is pro- 
duced it falls over the sides of 
the small beaker glass into the 
large one, when it may be dis- 
tinguished by its green colour. 
If a little gas be dipped out with 
a very small beaker glass ar- 
ranged as a bucket, and poured 
into a cylindrical glass contain- 
ing some dilute solution of in- 
diso, and shaken therewith, the 
colour disappears almost instan- 
taneously; and if a piece of 
Dutch metal is thrown into the 
beaker glass it wiU take fire if 

Pig. 182. A A. The large bericer gla«. b. enough chlorine has been gene- 
The smaU one, contaiimur the chloride of lime, rated, or some very nuely-pow- 
o. The tube and flmnei down which the dilate dered antimony will demonstrate 

sulphario acid is poured, n n. Sheet of paper ,, „„^^ «aa,iif TUnti xtnih a. 
top of large glass, with hole in centre to the same result, inus, Wlin a 

I; the tube. x. The little beaker used as a few beaker glasses, some chlo- 
ride of lime, sulphuric acid, a 
solution of indigo, and a Kttle Dutch metal, the chief properties of 
chlorine may be displayed. (Fig. 132.) 

Fourth Experiment. 

Into a little platinum spoon place a small pellet of the metal sodium^ 
«nd after heating it in the flame of a spirit lamp, introduce the metal 




over 

admit 

bucket. 
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into a bottle of chlorme, when a most intense and brilliant combustion 
occurs, throwing out a vivid yellow light, and the heat is frequently so 
ffreat that the bottle is cracked. After the combustion, and when the 
bottle is cool, it is usually lined with a white powder, which will be 
found to taste exactly the same as salt, and, in fact, is that substance, 
produced by the comoination of chlorine, a virulent poison, with the 
metal sodium, which takes fire on contact with a small quantity of 
water ; and hence the use of salt for the preparation of chlorine gas 
when it is required on the large scale. 

Parts. 

Common salt 4 

Black oxide of manganese .... 1 

Sulphuric acid ..*..... 3 

Water 2 

Fifth Experiment, 

Some Dutch metal, or powdered antimony, or a bit of ^hosphonUy 
immediately takes fire when introduced into a bottle contamin^ chlorine 
cas, forming a series of compounds termed chlorides, and demonstrating 
By the evolution of heat and light, the energetic character of chlorine, 
and that oxygen is not the only supporter of combustion; chlorine 
gas has even, in some cases, greater chemical power, because some 
time elapses before phosphorus will ignite in oxygen gas, whilst it takes 
fire directly when placed in a bottle of chlorine. 

Sixth Experiment, 

The weight and bleaching power of chlorine are well shown by placing 
a solution of indi^ in a tall cylindrical glass, leaving a space at the 
top of about five inches in depth. By inverting a bottle of chlorine 
over the mouth of the cylindrical glass, it pours out like water, being 
about two and a half times heavier tnan atmospheric air, and then, after 
placing a ground glass plate over the to|) of the glass, the chlorine 
IS recognised by its colour, whilst the bleaching power is demonstrated 
immediately the gas is shaken with the indigo solution. 

Seventh Experiment, 

As a good contrast to the last experiment, another cylindrical jar of 
the same size may be provided, containing a solution of iodide of potas- 
sium with some starch, obtained by boiling a teaspoonful of arrowroot 
with some water ; any chlorine left in the bottle (sixth experiment) may 
be inverted into the top of this glass and shaken, when it turns a beautifiu 
purple blue in consequence of the liberation of iodine by the chlorine, 
whose greater affinity for the base produces this result. The colour is 
caused oy the union of the iodine and the starch, which form together a 
beautiful purple compound, and thus the apparent anomaly of destroying 
and producing colour with the same agent is explained. 
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Sighli Experiment. 
Diy chlonne does not bleach, and this fact is easily proved by tsMng- 
ft pffllectly drj bottle, tuid patting into it two or three ounces of fused 
chloride of calcium broken 
in small lumps, then if a, 
bottle fnll of chlorine is 
inverted over the one con- 
taining the chloride of cal- 
cium, taking the precan- 
tion to arrange a few 
folds of blotting paper 
vrith a hole in the centre 
on tbe top of the latter to 
catcb an; water that may 
run out of the chlorine 
bottle at the moment it is 
I inverted, the gas will be 
I dried b; contact with tbe- 
chloride of calcium, and 
I if a piece of paper, with 
the word chlorine written 

I. 1 *. rrj l»tU.. ™t.tMng .hlorid. Of ™ i'„„?'^''„i5ff A f4 

J. Bottle rfcUortna, Theimnr!ndieal«t]» previously made hot and 

pi. 0. Tbe blotttag-papat, to citch iny ii»Mt from dtj, is placed in the chlo- 
Lebottl^.. ».The&&ledo«d,«dBmliriiii»gllH. ^ „^ ^j^^^ ^^^ 

^^' but directly the paper is 

remoTC^ dipped in water, and P^'^d in a bottle of damp chlorine, the 
ColoQT immediately disappears. (Fis. 133.) 

This experiment shows that chlorine is only tbe means to the end, 
and that it decomposes water, setting free oxygen, which is sn])posed to 
exert a bi^h bleaching power it its nascent state, a condition wbich many 
gases are imagined to assume just before they take the gaseous state, n 
sort of intermediate link between the solid or fluid and tiie gaseous con- 
dition of matter. The nascent state may possiblv be that of ozone, to 
wbicb we have already alloded as a powerEol bleacning agent. 

Ninth Experiment. 

A piece of p^per dipped in oil of turpentine emits a dense black 

smoke, and frequently a nasb of fire is perceptible, directly it is [dun^edi 

into a bottle containing chlorine gas ; here the gas combmes only vitb 

the l^drc^en of the turpentine, ^d the carbon is deposited as soot. 




If A lighted taper is plunged into a bottle of oUorine it continues tO' 
bniD, emitting on enormons qoonti^ of smoke, for the reason alreadT 
ezpluned, a^ demonstrating the perfection of the atmosphere in which 
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we live and breath, and showiDg that had oxygen gas possessed the 
same properties as chlorine, the eombostion of oompoiinda of hydrogen 
and carbon would have been impoaaible, in conaequeuce of the enormous 
quantity of soot which would nave bt«n produced, so that some other 
eUment that would &eely enter into oomhination with it most have 
been provided to prodnce both artificial light and heat. Chlorine ia a 
gas which cannot oe inhaled, and ozone presents the same features, as a 
mouse confined for a short Ume with an excess of ozone soon died ; but 
ozone is the extraordinary conditloo of 
oxygen; the element in the ordinary state 
is harmless, and is the one which enters 
so largely into the composition of the air 
we breatne. 

ElevealA Experinait. 
When one volmne of olefiant gas (pre- 
pared by boiling one measure of alcohol 
and three of sulphuric acid) ia mixed 
with two volumes of chlorine, and the two 
gases agitated together in a longelasa veS' 
scl for a few seconds, with a gUas plate 
over the top, which should have a welt 
ground perfectly flat, they unite on the ap- 
plication of flame, with Uie production of^a 
great cload of black amoke, arising tima 
the deposited carbon, whilat a sort of 
roarinK noise is heard daring the time 
that the flame passes from the top to the 
foot of the ghisa. [Fig. 134.) 

Tmel/IA ^pmmait. 
Formerly Baudannoh handkerchiefs 
were in the hwhest estimation, and no 
gentleman's toilet was thonght complete 
without one. The pattern was of the 
simplest kind, consisting only of white 
spots on a red or other coloured ground. 
These spots were produced in a veir in- 
genious manner by Messrs. Honteitn, of 

Glasgow, by pressing t<^ether many ■ " — — ^ ^— . 

layers of silk with leaden plates perforated ' 

with holes ; a solution of chlorine waa Fig. 131. Bemukibla depotitlon 

then poured upon the upper plate, and 'J^,'^^^lt^^^''^^^t^ 

pressure being applied it penetrated the ofcbiorine. 

whole masa in the direction of the holes, 

bleaching out the colour in its passage. This important commercial 

result may be imitated on the small scale by placing a piece of calico 

^ed with Turkey red between two IJiick pieces of bcrard, each of which 
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loraiea wiic a uoje two incnes m mBmeiier, ana coTreBponaine 
itel; when ooe is pliiced upon the other. The pieces of boarS 
le snueezed together in. any convenient way, either hy weights, 
' vulcanized india-rubber bauds or ECiewa, and when a strong 



ia perforated with a hole two inches ii 

accurately w' " " " " '" "' ~ '^^ 

may be snm 

atrong vnlcanized in"dia-nibber bauds or ECrewa, and when a strong 
solution of chlorine 
gaa or of chloride oE 
lime is poured into 
tbe hole and perco- 
l&tefi through the 
cloth, the cobuT ia 

, removed, and the 

part is bleached al- 
most instantaneously 
by first wetting the 
. calico with a little 
veak acid, and then 
pouring on tbe aolu- 

ijidlA-nibba bsadB. The bleuhisg Klutlan l> pooled into t. lune. Un removing 
and washing the fol- 
ded red calico it is found to he bleached in all the places exposed to the 
solution, and ia now covered with white spots. (Fig. 135.) 

lODItTE. 

Iodine (IwSiic, violet coloured). Symbol,!; c 



nothing has been said of that inexhaustible storehouse of chlorine, 
iodine, andbromine — viz., the bonndleas ocean. Some one has remMked 
th^t, as it b possible tbe sic may contain a little of eveiything capable 
of aasnming the gaseous form, so the ocean may hold in a state of solu- 
tion a modicum of every soluble snbstance, in proof of which we have 
lately read of some very important experiments resulting in the separa- 
tion of the metal silver from sea water, not certamly in any profitabla 
quantity, bat quite eaou^b to prove its presence in the ocean. 

Ko elaborate research is necessary to ascertain the presence of chlorine, 
when it is remembered that Schafhantl has cidculateij, that aJi the oceans 
on the globe contain three millions fifty-one thousand three hundred aud 
forty -two cubic geographical miles of salt, or about five times more than 
the mass of tbe Alps. 

Now, salt contains about 60 per cent, of chlorine gas, and therefore 
the bleachers can never stand still for want of it ; but iodine ia not so 
plentiful, and was disoovered by M. Courtois, of Paris, in telp a sub- 
stance from which he prepared carbonate of soda, or wasbing soda; but 
as tbis is now more cheaply prepared from common salt, the kelp is at 
present required only for tne iodine salts it contains, as ^so for the 
chloride of potassium. Kelp is obtained by burning dried sea-weeds in a 
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shallow pit ; the ashes accnmiJate and melt together, and this fnsed mass 
hroken mto lumps forms kelp. The ocean bed no doubt has its fertile and 
barren plains and mountains, and amongst the so-called "oceanic 
meadows" are to be mentioned the two immense groups and bands of 
sea-weed called the Sargasso Sea, which occupy altogether a space 
exceeding six or seven times the area of Germany. 

The iodine is contamed in the largest proportion in the deep sea 
plants, such as the long elastic stems of the fucus palmatus, &c. The 
Kelp is lixiviated with water, and after separating all the crystallizable 
salts, there remains behind a dense oily-looking fluid, called " iodine 
ley," to which sulphuric acid is added, and after standing a day or two 
the acid "ley" is placed in a large leaden retort, and heated gently 
with black oxide of manganese. The chlorine being produced very 
slowly, liberates the iodine, as abready de- 
monstrated in experiment seven, p. 133, 
and it is collected in glass receivers. 

Iodine, when quite pure and well crys- 
tallized, has a most beautiful metallic lustre, 
and presents a bluish-black colour, afford- 
ing an odour which reminds one at once 
of the " sea smell." 

First ExperimetU. 

A few grains of iodine placed in a flask 
may be sublimed at a verv gentle heat, and 
afford a magnificent violet vapour, which 
can be poured out of the flask mto a warm 
bottle. If the bottle is cold the iodine 
condenses in minute and brilliant crystals. 
(Fig. 136.) 

Second Exjperimeni. 

Upon a thin slice of phosphorus place a 
few small particles of iodine ; the heat pro- 
duced by the combination of the two ele- 
ments soon causes the phosphorus to take 
fire. 




Fig. 136. ▲. Flask containing 
iodine heated l^ spirit lamp. b. 
Cold flask above to receive the 
vapour. o. Sheet of cardboard 
to cat off the heat firom the spirit 
lampw 



Third Experiment. 

Heat a brick, and then throw upon it a few mins of iodine ; by 
holding a sheet of white paper behind, the splendia violet colour of the 
vapour is seen to great advantage. It was by the discovery of iodine in 
the ashes of sponge — ^which had long been used as a remedy for goitre, a 
remarkable glandular swelling — ^that this element began to be used for 
medical purposes, and the important salt called iodide of potassium is 
now usea in large quantities, not only in medicine, but likewise for that 
most fascinating art, which has made its way steadily, and is now 
practised so extensively, under the name of photography. 
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THE AET OF PHOTOGRAPHY. 

It was the great Geo^e Stepbeuson who asked the late Dean Bncklanci 
the posing question, " Can you tell me what is the power that is driving' 
that train P sJIuding to a train which happened to be passing at the 
moment. The learned dean answered, ** I suppose it is one of your 
big en^es." "But what drives the engine r" "Oh, very likely a 
canny Newcastle driver." " What do you say to the light of the sun ?'* 
"How can that be?" asked Buckland. "It is nothing else," said 
Stephenson. " It is light bottled up in the earth for tens of thousands 
of years ; light, absorbed by plants and vegetables, being necessary for 
the condensation of carbon during the process of their growth, if it be 
not carbon in another form ; and now, after being buried in the earth 
for long ages in fields of coal, that latent light is again brought forth 
and liberated, made to work — as in that locomotive— for great human 
purposes." 

Such was the opinion of the most original and practical man that 
ever reasoned on philosophy ; and could he have hved to realize the 
thorough adaptation and Dusiness use of light in the art of photography, 
he would have said, man is only imitating nature, and in producing 
photographs he must employ the same agent which in ages past assisted 
to produce the coal. 

In another part of this elementary work we shall have to consider 
the nature oi light; here, however, the chemical part only of the 
process of photography will be discussed. 

Many years ago (in the year 1777) Jenny Lind's most learned 
countryman, Scheele, discovered that a substance termed chloride of 
silver, obtained by precipitating a solution of chloride of silver with 
one of salt, blackened much sooner in the violet rays than in an^ other 
part of the spectrum. He says, " Fix a glass prism at the window, 
and let the refracted sunbeams fall on the floor ; in this coloured light 
put a paper strewed with luna comua (horn silver or chloride of silver), 
and you will observe that this horn silver grows sooner black in the 
violet ray than in any of the other rays." 

In 1779, Priestley directed especial attention to the action of light on 
plants ', and the famous Saussure, following up these and other experi- 
ments, determined that the carbonic acid of plants was more generally 
decomposed into carbon and oxy^n in the blue rays of the spectrum ; 
these tacts probably suggested the bold theory of Stephenson already 
alluded to. Passing by the intermecUate steps of photography, we 
come to the second jear of the present century, and find in the Journal of 
the Royal Institution a paper oy Wedgwood!, entitled "An Account of 



a Method of Coping Paintings upon Glass, and of making Profiles, by 
the Agency of Light upon JN itrate of Silver ; with observations, by 
H. Davy." Such a paper would lead the reader to suppose that very 
little remained to be effected, and that mere details would quickly 
establish the art ; but in this case the experimentalists were doomed to 
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disappointment, as, after producing their photographs, they could not 
make them permanent; they had not yet discovered the means of /^'^^ 
the pictures. Nearly fourteen years elapsed, when the subject was 
again taken up by Ni^pc^, of Chalons, with little success, so far as the 
fixing was concerned ; and twenty-seven years had passed away since 
the experiments of Wedgwood and Davy, when, in 1S29, Ni6pc^ and 
Daguerre executed a deed of co-partnership for mutually investigating 
the matter. These names would suggest a rapid progress ; but, strange 
to relate, ten years again rolled away, the father Ni^pc^ had in the 
meantime died, and a new contract was made between tne son and M. 
Paguerre, when, in January, 1839, the famous discovery was made 
known to the world, and in July of the same year the French Govern- 
ment granted a pension for life of six thousand francs to Daguerre, 
and four thousand to the son of Ni^pce, who had so worthily continued 
the experiments commenced by his father. The triumph of the indus- 
trious French experimentalists was not, however, to be unique ; across 
the Channel another patient and laborious philosopher had completed on 
paper precisely the same kind of results as those obtained by Ba^erre 
on silver plates. Mr. Fox Talbot, in England, had immortalized himself 
by a discovery which was at once called the Talbotype, and for which a 
patent was secured in 1841. Having thus hastily sketched a brief 
Listory of the art, we may now proceed to the details of the process. 

First BxperimefU, 

A photogenic drawing, so called, but now termed a positive com, is 
prepared by placing some carefully selected paper, which is free from 
spots or inequalities (good paper is now made oy several English manu- 
facturers, although some kmds of French paper, such as Cansan's, are 
in hi^h repute), in a square white hard porcelain dish containing a 
solution of common salt in distilled water, 109 grams of salt to the pmt. 
The paper is steeped in this solution for ten minutes, and then taken 
out and pressed in a clean wooden press, or it should be dabbed dry on a 
clean flat surface with a clean piece of white calico, which may be kept 
specially for this duty and not used for anything else, and it is well that 
all would-be photographers should understand that neatness and cleanli- 
ness are perfectlj^ indispensable in conducting these processes. If a 
design were required for the armorial bearings of the art of photo- 
grapliy, it might certainly be most fanciful, but the motto must be 
cleanliness ana neatness, and in preparing paper it should not be unne- 
cessarily handled, but lifted by the comers only. The object of dabbing 
the paper is to prevent the salt accumulating m large quantities in one 
part or the paper and the reverse in another, and to distribute the salt 
equally through the whole. The paper bein^ now dried, is called salted 
paper, and is rendered sensitive when required by laying it down on a 
solution of ammonio-nitrate of silver, prepared by adding ammonia to a 
solution containing sixty grains of nitrate of silver to the ounce of dis- 
tilled water, until the whole of the oxide of silver is re-dissolved, except 
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a very small portion. A few drops of nitric acid are also recom- 
mended to be added, and after allowing the solution to stand, it may be 
poured off quite clear, and is ready for use either in the bath, or if 
economy must be rigidly adhered to, the salted paper may be laid flat 
on a board, and held in its place with four pins at the comers, and then 
just enough to wet the surface of the paper may be run along the side 
of a glass spreader, and the liquid gently orawn over the surface of the 




Pig. 187. Ju The ffUm spreader with oork handle, b. The sttver solution clinging to 
rod and paper Jbnr ciq>illar7 attraction, o o o c. Four pins holding down the paper on a 
board.— N.B. The spreader is made of glass rod three-eighths thick. 

salted paper, which is allowed to dry on a flat surface for a few minutes, 
and afterwards hung up by one comer to a piece of tape stretched 
across the room, until quite dry, and then placed in a blotting-book 
fitting into a case which completely excludes the Ught. Copying-paper 
should be made at night, as the aay is then free K>r all photograpnic 
operations requiring an abundance of light. It will not keep long, and 
should be used the next day. 

A piece of lace, a skeleton leaf, a sharp engraving on thin paper, and 
above all things, a negative photograph on gh^s or paper, is easily copied 
by placing the prepared paper with the prepared side (carefully prqtected 
from the light) upwards on any flat surface, such as plate ^lass ; upon 
this is arranged the bit of lace or the negative photograph with the lace 
or picture downwards, another bit of plate glass is then placed over i1^ 
ana weights arranged at the comers ; after exposure to the sun's rays for 
thirtv mmutes, more or less (according to the dullness or brig:ht aspect of 
the aay), the picture is brought into a dark room and examined oy the 
light of a candle or by the light from a window covered with yellow 
cuico, and after placmg a paper weight on one comer of the lace, or 
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negative picture, or copjiB|; paper, it may be carefolly lifted in one 
part, and if the copy is snmcienth dark, is read? for fixing, but if it 
IS faint the lifted comer is carefully replaced, the npper glass is laid 
on, and the picture again exposed to the light. Should the position of the 
lace or negative be Ranged during the examination, re-exposure is use- 
less, and would only pro'^uce a double and confused picture, as it would 
be impossible to lay the lace or the negative exactly in the same place 
again on the copying paper. 

The manipulations just de- 
scribed are much facilitated by 
using a cop;^ing-frame or press, 
which consists of a square 
woodenframe with a thickplate- 
glass window; upon this are 
placed the negative picture and 
the copying paper, and the two 
are brought m dose contact bv 
means of a board at the back 

5ressed bv a hand-screw. (Fi^. 
38.) After the photogemc 
drawing or positive copy is 
taken, it is fixed b^ being placed 

in a solution OI hyposulphite Fig. 138. The back of the copying-frame^ ihow- 

of soda, consistinir of one fluid ^« **^f ^^:!^^ J^^ ^l?'*^?"®'^^^*^^ 
w* ovv««, wAxoAsuxug vx x/**^ Mx^^ . ^ j^^ j^^^j^^ is »et in thc base of the frame, 

ounce 01 saturated solution to and is of coarse the part exposed to the light. 

eight of water. The saturated 

solution of hyposulphite of soda is conveniently kept in a laree bottle 
for use, and m order to improve the colour a very little chloride of 
gold is added to the fixing solution, the picture must now be thoroughly 
washed, dried, and pressed. 

Second BxperimetU, 

Another mode of preparing the copying paper, called albumen paper, 
is to take the whites of four eggs, and four ounces of distilled water 
containing one hundred and sixty grains of chloride of ammonium; 
these are Deaten up with a fork or a bxmdle of feathers, and as the froth 
is produced it is skimmed off by a silver spoon into another basin, 
or a beaker glass, and being allowed to setQe for twelve hours it is 
strained through fine muslin, and is ready for use. The best paper is 
floated on the surface of this liquid for three minutes, taken out, and 
dried at once on a hot plate. 

In floating paper one comer is first laid down, and care taken not to 
enclose anv air bubbles, which would prevent the fluid wetting the 
paper, whilst the remainder of the paper is slowly laid upon the surface 
of the fluid. 

The albumen paper is excited by laying it for five minutes on a 
solution of nitrate of silver, seventy-two grains to the ounce of water. 
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and when dry it will keep for three days. This copying paper is used 
in the same manner as the last, and fresh eggs only must oe used in 
its preparation, because stale ones soon cause the copy to chan^ and 
blacken all over from the liberation of sulphur, which unites with the 
silver. The colour of the copy is sometimes improved by a solution of 
hot potash, and by dipping the well-washed picture, after the use of the 
hyposulphite of soda, in a very dilute solution of hydrosulphuret of 
ammonia. 

Third BxpeiimetU. 

In the Daguerreotype process, a silver plate, after being thoroughly 
cleaned and polished, is exposed to the vapour of iodine, and is thus 
rendered so sensitive that it may be at once exposed in the camera. 
In the Talbotype process, the same principle is apparent, and paper is 
prepared by mrst covering its surface with iodide of sUver, which is 
afterwards rendered sensitive to the action of light by means of an 
excess of nitrate of silver, as follows :— 

One side of a sheet of selected Cansan's paper is first covered 
(by means of a spreader) with a solution of nitrate of silver (thirty 
grains to the ounce of water), hung up in a dark room and dried; 
it is then immersed in a solution of iodide of potassium of five 
hundred grains to a pint of distilled water, for five or ten minutes, 
and immediately changes to a yellow colour in consequence of the pre- 
cipitation of the yellow iodide of silver ; it is then well washed with 
plenty of water, and being dried, may be kept for any length of time, 
and is called "iodized paper." Light has no action whatever upon it. 
To render the paper sensitive, three solutions are prepared in separate 
bottles, and marked 1, 2, 3. 

No. 1, contains a solution of nitrate of silver, fifty grains to the ounce 
of water. 

No. 2, glacial acetic acid. 

No. 3," a saturated solution ofgaUic acid. 

With respect to No. 3, Mr. William Crookes has shown, that when 
a saturated solution of gallic acid is required in large quantities, that 
it is better to dissolve at once two ounces of gallic add in six ounces 
of alcohol (60^ over proof) ; to hasten solution, the flask may be con- 
veniently healed by immersion in hot water; when cold it should be 
filtered, mixed with half a drachm of gladal acetic add, and preserved 
in a stoppered bottle for use ; so prepared it will keep unaltered for 
a considerable lenffth of time. The galhc acid is not predpitated from 
this solution by the addition of water ; consequently, if in any case 
desirable, the development of a picture may be effected with a much 
stronger bath than the one usually employed. To obtain a solution 
of about the same strength as a saturated aqueous solution, such as 
No. 3, half a drachm of the alcoholic solution is mixed with two ounces 
of water ; but for my particular purpose, says Mr. Crookes, referring 
to the wax-paper process, " I prefer a weaker bath, which is prepar^ 
by mixing halT a drachm with ten ounces of water." In either case it 
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^nll be found necessary to add solution of nitrate of silver in small 
quantities, as the developing picture seems to require it. 

Returning again to the solutions marked 1, 2, 3, the numbers will 
assist the memory in mimg the proportions of each. If the paper 
is required to be used at once, a drachm of each may be mixed to- 
gether and spread over the iodized paper ^of course, in a dark room), 
which is then transferred to a dean blottmg-book of white bibulous 
paper, and being placed in the paper-holder may be taken to the camera 
ancl exposed at once. If the paper is not required to be used imme- 
diately, the solutions are mixed m the proportions of the numbers — viz,, 
one of No. 1, two of No. 2, three of No. 3 ; and in making the mixture, it 
is advisable to keep a measure specially for No. 3, the gallic acid, or 
dse the measure, it used for the three solutions, will have to be washed 
out every time, which is very troublesome, particularly where water is 
not plentiful. 

If the excited paper is required to be kept some hours before use» 
No. 3 must be adaea in still lai^r proportion, as much as ten or even 
twenty measures of No. 3 to two of No. 3, and one of No. 1, being used, 
and even this laree dilution is frequentlj^ insufficient to prevent the 
paper spoiling in not weather; therefore if the temperature is high, 
too mucn reliance must not be placed on this paper, as it is peculiarly 
disappointing, after walking some miles to romantic and beautifu 
scenery, to Ind, when developing the pictures in the evening, that the 
paper ujsed was all spoilt before exposure ; and it will be seen presently 
that when the excited paper is to oe carried about for use, it is better 
to adopt the wax-paper process. 

After the excited iodized paper is exposed in the camera— and the 
time of exposure cannot be taught, as that speciality is only acquired by 
•experience, and may vary from five to thirty minutes, or even more— 
the invisible picture is developed and rendered visible, not by exposure 
to the vapour of mercury, as in Daguerre's process with silver plates, 
but by a mixture of one of No. I witn four oi No. 3. The development 
is carefully watched by looking through the negative placed before a 
lighted candle, and the time of development may vary from ten to thirty 
minutes, and all the time the picture must be kept wet with the 
solution, so that it is better perhaps to make a bath of the solution 
4Uid lay the picture on its surface than to pour the liquid over the 
picture. After the development is matured, the picture is now washed 
in clean water, and fixed temporarily, if required, by immersion in a 
bath containing "'^'^ ' *' "• " ' ' ' ' ^ i» x 

or permanently 1 
of a saturated sol 

salt to six or twelve of water;' but, as before mentioned, it is better to 
keep a Winchester quart full of a saturated solution of hyposulphite 
of soda, and then it is always ready for use instead of employing the 
weights and scales, and contmually weighing out portions of the salt. 
"The picture after fixing is thoroughly washed witn water, and being 
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dried is now placed between the folds of a wax book — i.e., some leaves 
of blotting-paper are kept saturated with white wax, and when a 
picture is placed between them, and a hot iron passed oyer the outside 
sheet, the wax enters the pores of the paper, and after removing any 
excess of wax by passing the picture through a book of bibidous paper, 
over which the not flat iron is passed, the negative picture at last is 
ready for use, and any number of positive copies may be taken from it, 
as already described m the first experiment, page 139. 

This mode of manipulation is called tne Talbolype, and before 
dismissing the subject another process of iodizing the paper may be 
exj^ained. 

To a solution of nitrate of silver of twenty, thirty, or fifty grains 
to the ounce of water, a sufficient number of the crystals of iodide of 
potassium is added, first to produce the yellow iodide of silver, and 
then to dissolve it, so that the yellow precipitate appears with a 
small quantity, and disappears with an excess of the iomde. If this 
solution is spread over sheets of paper, and these latter then placed 
in a bath of water, the iodide of silver is precipitated on the surface, 
and affcer plenty of washing to remove the excess of iodide of 
potassium, tne paper may be dried, and will keep for any length of time 
without change. This paper may be excited, exposed, developed fixed, 
and waxed, as already explained. 

Fourth Experiment, The Wax-paper FroeeM, 

This mode of taidng negative photographs begins where the talbo- 
type ends — ^viz., by jkit waxing the paper penectly and evenly, as 
already explained, Cansan's negative paper bein^ preferred. The wax 
paper is now well soaked in a bath, made by dissolving one hundred 
ffrains of iodide of potassium, six grains of cyanide of potassium, 
four grains of fluoride of potassium, ten grains of bromide of potassium, 
ten grains of chloride of^ sodium, in one pint of fresh whey, with the 
addition of a little alcohol and a few grains of iodine. When soaked 
in this solution for about one hour, the paper is taken out and hung up 
to dry. 

N.B. With respect to iodizing the wax paper, it is almost better to 
obtain it ready prepared, and then every sheet may be relied on. Mr. 
Melhuish, of £lackheath and Holbom, supplies it in any quantity, and 
his paper never fails; the operator has then only to penorm the sensi- 
tizing and developing j^cesses. To render the iodizedT paper sensitive it 
is immersed for about%x minutes in a bath containing a solution of 
nitrate of silver (thirty-five grains to the ounce of water, with forty 
drops of glacisd acetic acid); the paper is now removed, and washed in 
two trays of common clear rain-water or distilled water, and is then 
dried off between folds of blotting-paper. 

This process may be performed on the previous evening by the light 
of a candle, or by day m a room lit by one window covered with four 
thicknesses of yeuow calico, and after the paper is dry it will keep for three 
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weeks or a month, and may be exposed in a camera with a three-inch 
lens of eighteen-inch focus, with the inch diaphragm, on a bright day 
from five to fifteen minutes ; in bad weather the exposnre must be longer. 
The picture may be carried home and renderea visible or developed 
by immersion in a bath containing a saturated solution of gallic acid, 
and as the developing continues, a few drops of the sensitizing solution 
of nitrate of silver and glacial acetic acid mav be added. Emally, the 

Eicture is fixed by immersion for a quarter of an hour in a solution of 
yposnlphite of soda (four ounces of the crystal to one pint of water, or 
one part of the saturated solution to eight of water), and being well 
washed, is then dried, hung before the fire to melt the wax, and is now 
ready to print from. 

Fifth Experiment, Albumen on Glass Process. 

Albumen is the scientific name for the white of ege^, of which four 
ounces by measure are mixed with one ounce and a half of distilled 
water, and after being whisked to a 
froth, are removed by a spoon into 
another basin or a beaker glass, and 
allowed to stand for several hours 
and then filtered. Mr. Crookes has 
recommended a very ingenious, simple, 
and useful filter, (fig, 139.) He 
says: ''This simple and inexpensive 
piece of apparatus, which any instru- 
ment maker or glass-blower can supply 
at a few hours' notice, will be founa in- 
valuable in almost every photographic 
process on glass. The sponge has this 
ffreat advantage over all other kinds of 
niters, that tJoick gelatinous liquids— 
*^.,honeT.albimien,gektine meta-gek- ^^^- ^^i^f^^l^nilJ 

tine, or the various preservative syrups squeezed into the head of the tube. 

—flow through it with the utmost readi- i'^y "9^*1 vooxed in at b wiU flow 

in 7*^ 1 J 1 .• 1 1 . throuffh the sponire until it has at- 

ness ; whilst at the same time dust, air tained the aame level m a. 
bubbles, or froth, and dried particles 

floating in the liquid, are effectually kept back, and if fitted with stop- 
pers, collodion might be filtered in it ; or if the ends were fitted together 
with a bit of flexible pipe, the stoppers might be dispensed with altogether. 
Having poured the albumen on a penectly clean glass plate, taking 
care to have sufficient to run freely over the surface of the glass, 
the excess is then gently drained off and the plate turned so as to 
have the coated side downwards ; it is then fixed in a sling made by 
taking a stout bit of string about three feet long, which is doubled 
and knotted at the fold, leaving the two ends free ; two small triangles 
or stirrups of silver wire looped at one comer are now tied on to the 
ends of the string, and these form a support for the opposite edges of 
the glass plate to rest on; the two strmgs are laiotted together at a> 

L 
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convenienb distfuuie from the 
stimips to prevent the glRss slip- 
ping oat, and the pla^ is now 
mtikted Tupidlj over a heated me- 
tallic surface, Buch as an iroa 
box coTitainui? some bufniiuf 
charcoal or the wanning pan, 
care being talen to avoid dost aa 
much as possible, and to use only 
the whites of neiv-Uid ercs. 
(Fig. 110.) The kIoss plate, co- 
vered with drj albumeii, is now 
iodized to a straw coloni bj ex- 
posure over a box containing 
iodine, as in the Da^erreot^pe 
process, and is sensitized bj im- 
Thi biot merdonfor three or four minatea 
LOO, in a bath containing a solution 
^1^ of nitrate of silver (twentj-five 
mina to an ounce of waterj ; 
the plate is afterwards washed m 
distilled water and left to drj* 
spontaneonsl;, of eonrse in & 
diirkened room. The plates may 
then be placed ready for use in a 
ver; ingenioos tin box devised bj 
Mr. Crookes, which keeps them, 
perfectlv ligbt-tight even in the 
sun, ana at the same time is less- 
bulk; than the ordinarj woodea 
ones. It is made of tin pEate, 
the cover sliding tight over the 
top, and more than half vvaj down 
the sides; light is further ex- 
cluded by means of an outer 
jacket of tin, which is soldered 
to the box a little below the- 
centre. The cover thus slides 
between the case and tbe jacket, 
and renders injoiy to the plates 
by the entrance of light an im-. 
pesaibiUty, (F^.14]l 

The sensitive albumeniied 
glass piate is exposed in the 
camera from fifteen to thirty 
minutes, and developed (much ir 
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tares) with one ounce of a aatu- 
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rated solutioii of gallic acid containiiif ten or fifteen drops of the sen* 
sitizmg solution. The plate is osualfy placed on a levelling stand, and 
the solution noured on the glass plate ; the development is slow, and may 
be quickenea sometimes by the application of heat. 

Ijie pieture is fixed by immersion for a short time in a bath con- 
taining one part of a saturated solution of hyposulphite of soda in 
eight of water. The pictures produced by this process are exquisitely 
d^ned, provided always the camera is well focussed, and to assist .this 
operation a magnifying class may be employed. After removal from the 
hvposulphite of soda tne plate is well washed with water, and being 
allowed to dry spontaneously, is now ready to print from. 

Sixth JExperimeni. The Collodion on Olass Froeea, 

The class plates for this, as well as the albumen on glass process, 
should oe cleaned by rubbing them over first with a mixture of Tripoli 
powder and ammonia, which is washed off under a tap, and the glass 
being drained is rubbed dry and polished with a clean csJico duster Kept 
exclusively for this purpose. 

The iodized couodion is now poured on, and the excess re- 
turned to the bottle. Collodion can be made very easily, but if prepared 
without due precautions, it cannot be used afterwards, and reminds one 
of the old stoiy of the enthusiastic son, who, when asking his father's 
permission to espouse the beloved, enumerated amongst her other ac- 
complishments, the fact that she could make a puddinc, and was 
answered by the bluff question, "But can you eat it alterwards ?'* 
So it is with collodion : a great deal of messing and loss of time 
is saved by purchasing it of the various makers, amongst whom 
may be speciallv noticed Mr. Bichard Thomas, of 10, PaU MaU, 
who has devotea the whole of his attention to the preparation of this 
important photographic chemical, and with a success which his numerous 
patrons can well testify. The collodion is sold either mixed with the 
iodizing solution, or the two can be obtained separately, with direc- 
tions on the bottles as to the quantities to be mixed together. 

The plate covered with the iodized collodion is quicluy transferred to 
a bath containing a solution prepared in the rollowing manner: — 
Dissolve four ounces of nitrate of silver in eight ounces of water, and to 
this add twenty grains of iodide of potassium in one ounce of water ; 
shake them together, and then pour the whole into fifty-six ounces of 
distilled water, and in half an hour add one ounce of alcohol and half an 
ounce of ether; agitate the whole and filter the next morning. The 
collodion plate is kept in this solution for a certain period, only learnt 
by experience, and should be occasionally Hfted out to see if a uniform 
transparency is obtained; say that the immersion may be continued for 
five minutes, it is now ready for the camera, and may be exposed &om 
about one to two minutes, or more if the light is deficient ; the time of 
exposure is also a matter of practice, mere directions can be of no use 
in this stage of the process. 

The picture is developed on a levelled stand, with a solution of three 

l2 
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gnthu of pjK^BUic acid iu three 
onucts of witer, to which sixty 
drops of glacial acetic acid have 
been added. When fully deve- 
loped the plate ia washed with 
water and fixed with a solution 
of hyposulphite of soda, consist- 
me 01 one port of the saturated 
solution to eight of water, aeaia 
thoroughly but gently washed, 
so as not to endanger the sepa- 
lation of the film from the glaaa ; 
it is allowed to diyspontaaeonsly, 
and being coated with ambei: Tar- 
nish (a solution of amber in cUa- 
rofonn) is now ready to print 
from. (Kg. 183.) It is, perhaps, 
m w> ni _ 1. V V.V4- hardlj necessary to add, that the 

FlE. UJ. 1. Qlm or ralU-panbi bath lo ./. . ■/' , , '. 

bold the KDiitd^E MhiUoa. >: Glw, with scusitiemg and developing pro- 

pleeemmentad on lfi# end to holdlho pr^wred cessea must be Derfonned m a 

riui plBle, 0, whlltt dipped In tli« hith, ±. j.,^ ,.,„„ ' 

TUB pfilo c hu ■ croH In mu comer to ihow ''*'' tOOm. 
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BBOMINE. 

Bromine (pp&iAos, a bad odour). Symbol, Br. Combining propor- 
tion, 80. Specific gravity, 2*966. 

In a previons portion of this work, the connexion between chlorine, 
iodine, and bromme has been pointed out ; and as we have to notice the 
colour of the element bromine, the chromatic union of the triad may 
be alluded to. These elements present yeiy nearly all the colours of 
the spectrum : 

Bromine , . red to orange. 

Chlorine yellow to green. « 

Iodine , blue, indigo, yiolet. 

These three elements also furnish examples of the three conditions of 
matter; iodine being a solid, bromine a. fluid, chlorine a gas; the 
relation of their combining proportions is also curious : as might be ex- 
pected, the fluid bromine taKCs an intermediate position, and (according 
to the axiom that half the sum of the extremes is equal to the mean) 
by dividing the combining proportions of iodine and chlorine, and 
adding them together, we nave, as nearly as possible, the combining 
proportion of bromine : 

Chlorine 35-^2 = 17-75 

Iodine 126 -j- 2 = 63 

80-75 

The combining proportion of bromine is 80, but 80*75 is so near, 
that it ma^ reasonably be conjectured future experiments will reduce the 
nnmber of the three elements, and may prove that they are only modifi- 
cations of a single one. This is the only kind of alchemy which is 
tolerated in the mneteenth century, and any philosopher who will reduce 
the number of elements, and prove that some of tnem are onlv modi- 
fications of others, will achieve a renown that must transcend the ^^cM 
of all previous discoverers. 

Bromine was discovered by Balard, in 1826, and, like chlorine and 
iodine, is a constituent of sea water. The chief source of bromine is 
a mineral spring at Kreutznach, in Germany. The process by which it 
is obtained offers a good example of chemical affinity ; the water of the 
mineral spring is evaporated, all crvstallizable salts removed, and a current 
of chlorine gas passed through the remaining solution, which chanffea 
to a yellow colour, in consequence of the lil^ration of the bromine i)y 
the combinations of chlorine with the bases previously united with the 
former ; the liquid is then shaken with ether, which dissolves out the 
bromine. In the next place, the etherial solution is agitated with a 
strong solution of potassa, and is thus obliged to part with the bromine, 
which is converted into bromate of potassa; this is ultimately changed 
by fusion to bromide of potassium ; and by distillation with black oxido 
01 manganese and sulphuric acid, the bromine is fijudly obtained. Six. 
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processes are therefore necessary before the small quantity of bromine 
contained in the mineral spring-water, is separated. 

First Experiment, 

Bromine is a yeiy heavy fluid, which should be preserved by keeping 
it in a bottle covered with water; when required, a few drops may be 
removed by means of a small tube, and dropped into a warm bottle, 
whicli is quickly filled with the oran&e-red vapour. If some phosphorus 
is placed in a deflagrating spoon, and exposed to the action of bromine 
vapour, it takes Are spontaneously. 
• 

Second ExperimetU, 

Powdered antimony sprinkled into the vapour of bromine immediately 
takes fire. 

Third Experiment, 

A burning taper immersed in a bottle containing the vapour of bromine 
is gradually extinguished. 

Fourth Experiment, 

Liquid bromine exposed to a freezing mixture of ice and salt, or 
reduced to a temperature of about eiffht degrees below zero, solidifies 
into a yellowish-brown, brittle, crystamne mass. 



Fifth Experiment, 

A solution of indigo shaken with a small quantity of the vapour of 
bromine is quickly bleached. Many substances, when brought in contact 
with liquid bromine, combine witn explosive violence, and therefore 
experiments with liquid bromine are not recommended, as all the most 
instructive and conclusive results can be obtained by the use of the 
vapour of bromine, which is easily procured by allowing a few drops to 
fall into a warm, dry bottle. 

Bromine, as already mentioned, is used in the art of photography. 

7LU0BINE. 

Symbol, F. Combining proportion, 19. 

This sin^ar element seems almost to embody the ancient idea of 
the alchemists, being a sort of alkahest, or universal solvent ; or in 
plainer language, its affinities for other bodies are so powerful, that it 
attacks every substance (not even excepting gold), at the moment of 
its liberation, and combines therewith, so tlutt its isolation has not 
yet been effected. Chemists who assert that they have been able to 
obtain fluorine in the elementary condition, pronounce it to be a gas 
which possesses the colour of chlorine ; but the experiments, as hitherto 
conducted, render that statement extremely doubtful. 
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The only mtaresting fact connected irith fluorine, is the remariuble 
property of attacking glass and other silicioua bodies, beloagtog to its 
' combination with hjd^en pa, called hf droflaoric acid. This acid is 
easilj obtained and nsed dj placing some powdered fluorspar in a leaden 
trav six inches square and two inches deep. Ifsnlphurioacid is now mixed 
with the powdered spar, so as to form a thin paste, and heat appli^ 
the vapour of the hj'droflnoric acid qnicUj nses, and can be employed 
to etca a glass plate npon which a drawing may have been prerionsly 
traced by scratchuw away the wax, with which it is first coated. By 
heatinc the glass pdte before a fire, a sofGcient quantity of wax is soon 
melted on to it by merely mbbing the wax against the glass plate ; any 
«xcess should be aToided, if a well-execated drawing is required tfl be 
etched on its surface. (Fig. lU.) 



Iig.lM. 1 

The wax plate most not remain too long oret the leaden tray, u the 
heat is apt to melt the wax, when the acid not onlf attacks those puts 
imm which the wax has been removed by the etchmg needle, but also 
the surface of tbe glass generally, and thus the clearness of the design 
is spoilt. After eipoanre — and it is as well to prepare two or three 
glass plates for the experiment — the wax ia quickly removed by robbing 
and washing with oil of turpentine, and the design (beantiiaDy etched 
into the glass) ia then apparent. 



CHAPTER Xn. 

CAX30N, BOKON, BILIOOir, SELBHIIllf, SULFHUB, lEOSFHOBVS. 

This group of non-metallio elements has been frequently styled 
"MetaQoida," meaning substances allied to, bat not possessing, all the 
properties belonging to a metallic substance; and therefore perhaps 
the expression, non-metallic solids, ia tbe best that can be adopted. They 
may be subdivided into two classes of three each, which hare propertaea 
more or less allied to each other — viz., 

Carbon, Boron, Silicon; and 

Selenium, Sulphur, Phospbonis. 
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CABJBON. 

Symbol, C ; Combining Proportion, 6, 

This element has almost the property of ubiquity, and is to be found 
not only in dl animal and vegetable substances, in common air, sea, and 
fresh water, but also in various stones and minerals, and especially in 
chalk and limestone. 

There is, perhaps, no element which offers a greater variety of amusing 
experiments and elementair facts than carbon, whether it be considered 
eitner in its simple or combined state. 

. A piece of carbon, in the shape of the Koh-i-Noor, was one of the 
chief attractions at the first Exhibition in Hyde Park. The diamond is 
the hardest and most beautiful form of charcoal ; how it was made in 
the great laboratory of nature, or how its particles came together, seems 
to be a mystery which up to the present time has not yet been solved, 
at all events no artificial process hasyet produced the diamond. 

Sir D. Brewster, speaking of the Aoh-i-Noor, remarks that on placing 
it under a microscope, he ooserved several minute cavities surrounded 
with sectors of polarized light, which could only have been produced 
by the expansive action of a compressed gas or fluids that had existed in 
the cavities when the diamond was in the soft state. 

Now it is known that bamboo, which is of a highly silicious nature, 
has the property of depositing in its joints a peculiar form of silica, 
called tabashcer. Silicon is one «of the triad with carbon — >.tf ., it is allied 
to carbon on account of certain analogies ; may it not then be supposed 
that, in times gone bj, ages past, when the atmosphere was known to 
be highly charged with carbonic acid gas, there might possibly have 
existed some peculiar tree which had not only the power of decomposing 
carbonic acid (possessed by all plants at the present period), but was 
enabled, like the bamboo, to deposit, not silica, which is the oxide of 
silicium, but carbon, the purest form of charcoal — viz., the diamond ? 
Speculation in these matters is ever more rife than stern proof, and it 
may be stated, that all attempts to manufacture this precious gem 
(like those of the alchemists with gold and silver) have most signally 
failed. 

First Experiment, 

Box and various woods, dried bones, and different organic matters, 
placed in a nearly close iron or other vessel, and heated red not, so that all 
volatile matter may escape, leave behind a solid black substance called 
charcoal. If that kind obtained from bones, and termed bone black or 
ivory black, is roughly powdered, and placed in a flask with some solu- 
tion of indigo or some vinegar, or syrup obtained by dissolving common 
moist sugar in water, and boiled for a short period, the co&ur is re- 
moved, and on filtering the Hquid it is found to be as dear and colour- 
less as water, provided sufficient ivory black has been employed. 
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Second Experimeni. 

Charcoal is a disinfectant, and is used for respirators ; it has even been 
recommended medically, and charcoal lozenges can be bought at various 
chemists' shops. If a few drops of a strong solution of hydrosulphuret 
of ammonia (which has the agreeable odour belonging to putrid eggs) 
is mixed with half a pint of water, it will of course smell strongly, and 
likewise precipitate Goulard water, or a solution of acetate of lead 
black ; but on shaking the water with a few ounces of charcoal, it no 
longer smells of sulphuretted hjdro^n, and if filtered and poured into 
a solution of lead does not turn it black. This chemical action of 
charcoal, independent of its seeming mechanical attraction for colouring 
matter, would appear to show that the pores of charcoal contain oxygen, 
which in that peculiar condensed state destroys colouring matter, and 
oxidizes other bodies. 

Third Experiment, 

A yery satisfactory experiment, proyinf that the diamond and plum- 
bago or black lead are identical with cnarcoal, although differing in 
outward form and purity, can be made at a little cost, 
by purchasing a fragment of refuse diamond, called 
*^boart" of Mr. Tennant of the Strand. A small 
piece costs about fiye shillings. The fragment should 
oe carefully supported by winding some thin platinum 
wire round it, as, if the wire is too thick, it cools 
down the heat of the bit of diamond and prevents it 
kindling in the oxygen gas. A difficulty may arise in 
preparing the fragment, in consequence of the wire 
continually slipping off. The " boart" should there- 
fore be grasped by the thumb and first fin^r, and the 
wire wound round ; then it must be cwmdly turned 
and again wound across with the platinum wire, as 
in the sketch below. (Fie. 145.) 

A piece of black lead ^o called) may now be taken 
from a lead pencil and also supported by platinum 
wire ; b'kewise a bit of common bark charcoiu or hard 
coke. Three bottles of oxygen should now be pre- Fig. 145. a. The 
pared from chlorate of potaih and oxide of manga- g^rttr^^iS^ 
nese, an extra bottle bemg provided for the diamond or reftue diamond. 
in case there should be any failure in its ignition. 
The bark charcoal can be first ignited by homing a comer in the spirit 
lamp for a few seconds; when plunged into oxygen it immediately 
kindles and bums with rapidity, and if the cork is well fitted, the 
product of combustion — ^viz., carbonic acid gas — ^is retained for future 
examination. The small piece of black lead is next heated red hot in 
the flame of the spirit linp, and being attached by its platinum sup-« 
port to a stiff copper yrire thrust through a cork, which fits the bottle 
of oxygen, is placed whilst red hot in the gas, and continues to glow 
until consumed. The fragment of diamond is by no means, however so 
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easiij United, the flame of the spirit lamp most be urged wpsa it with 
the blowpipe ; when quite red bot, on Bssistant ma; remoTe the stoppa 
from the bottle of oxygen, and the person beating the diamond should 
plnngeit inetantlj into the gas; a this is deiteroosl; managed, the 
nagment of ioart glows like a little star, aad the combustion frequently 
continnes till the piece diminishessomiidithatit falls out ofitspbtinum 

Sometimes the diamond caob down withont igniting, the same pro- 
cess most therefore be repeaUd, and a few extra bottles of oxygen 
will preTBttt disappointment, as eveiy failoie destroys the parity oi the 
gas by admiztore with atmospheric ab v^ieu the stopper is removed. 



Ik- IM- ^ BoMig CDDtklDint tink dunxsL B. DttM tlu plombiga or 
bluklud. o. Ditto the diamond. 

The combustion having ceased in the three bottles, the corks are 
' d the glass stoppers again fitted for the purpose of testing 



bination has been produced ; the charcoal, the bUck lead, the diamond 
have united with the oxygen, in the proportion of six parts of carbon to 
sixteen parts of oivgen, to form twenty-two parts of carbonic acid gas, 
which may be easily detected by pouiii^ into each bottle a small quan- 
tity of a solution of slacked lime in water, called lime water. This 
test is easily made by shaking up common slocked lime with rain or 
distilled water for about an hour, and then passing it through a calico 
OI paper filter. The test, though perfectly clear when ponced in, be- 
comes immediately clouded with a white precipitate, usually termed a 
mlkinui, no doubt b allusion to the London milk, which is supposed to 
contain a notable proportion of chalk and water, for in this case the 
precipitate is chalk, the carbonic acid bam the diamond and the charcoal 
having united with the lime held in solution by the water and formed 
carbonate of lime, or chalk, a substance similar in composition to 
marble, limestone, Iceland or double refracting spar, tliese three being 
nearly similar in composition, and differing only, like carbon and the 
diamond, in external appearance. 
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The milkiness, however, must not be held as condosiye of the pre- 
sence of carbonic add gas until a little yineear or other add, such as 
hydrochloric or nitric, has been finally added; if it now disappears 
with effervescence (like the admixture of tartaric acid, water, ana car- 
bonate of soda), the little bubbles of carbonic acid gas again escaping 
slowly upwards, leaving the liquid in the three bottles quite clear, then 
the experimentalist may sum up his labours with these effects, which 
prove m the most decisive manner that common charcoal, black lead, 
and the diamond, are formed of one and the same dement — viz., 
carbon. 

Fourth Experiment, 

Having effected the synthesis (or combining together) of the diamond 
and oxv^n, it is no longer possible to recover it in its brilliant and 
beautimi form. If the product of combustion is retained in a flask 
made of thin, hard glass, and two or three pellets of the metal potassium 
are placed in directly after the diamond has ceased to bum, and the 
flame of a spirit lamp applied till the potassium ignites, then the metal, 
by ite great affinity for oxygen, takes away and separates it again from 
that which was formerljr the diamond ; but instead of the jewel bdng 
deposited, there is nothmg but blacky shapeless, and minute particles of 
carbon obtained, if the potash produced is dissolved in water, and the 
charcoal separated by a niter. 

Fifth Experiment, 

Chalk is made by uniting carbonic acid gas with lime ; it may there- 
fore be employed as a source of the gas, by placing a few lumps of 
chalk, or marble, or limestone, in a bottle such as was used in the gene- 
ration of hydrogen gas ; on the addition of some water and hydrocmoric 
acid, effervescence takes place from the escape of carbonic acid gas, and 
the cork and pewter pipe being adapted, it may be conveyed by its own 
gravity into glasses, jugs, or any other vessels, and a pneumatic trough 
will not be required. Carbonic acid sas has a specific gravity of 1*529, 
and is therefore rather more than half as heavy again as atmospheric air. 

Sixth Experiment. 

In order to satisfy the mind of the operator that the gas obtained 
from chalk is similar to the product of combustion Jrom the diamond^ some 
lime-water may be placed in a glass, and the eas from the bottle allowed 
to bubble through it ; instantly the same mukiness is apparent, which 
again vanishes on the addition of add. And this experiment is rendered 
still more striking if a lighted taper be placed in the glass just after the 
addition of the acid, when it will be immediately extinguished. 

Seventh Experiment, 

If a lady's muff-box, supported by threads or chains, is hung on one end 
of a scale-beam, and counterbalanced by a scale pan and a few shot, it is 
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immedutelj depressed on pODring into the muff-box a qnantitr of or- 
bonic acid gas, which may have been prenonslj collected in a large tin 
vesaeL After ahowiog the weight of the ^, the box is detached 
from the scale-beam, and the oootents pooled apon a series of lighted 
csndlea, which are aU extinguished in succession. (Fig. 147.) 




h. CuboDla add m 



Eighth Sxpaimeitf. 
The property of carbonic acid gas of extinguishing flame, as com- 
pared with the contra^ property of oxjgen, is njce^ shown b; first 
passing into a large and tall gas jai one half of its volume of oxygen 
gas; a large corlc perforated witb holes may be introduced, so as 
to float upon the surface of the water in the gas jar, and is usefully 
emplojed to break the violence with which the carbonic acid enters the 
gaa jar, as it is passed in to fill op the remaining half volume of the ge& 
jar, ffhjch now cantains oiygec at the top, and csibonic acid gas at Uie 
Dottom. On testing the contents of the jar with a lighted taper, it 
bums fiercely in the oxygen, but is immediately extii^;uiBhed m the 
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A little tieade, water, and a minute portion of vat, may be placed 
vith some yetut in a quart bottle, to vhich a cork and pewter or Klass 
pipe is attached ; directly tbe fermentation begins, qiuintities ofcar- 
booic acid gas mav be collected, and tested uther with lime-water or the 
lighted taper. 



Tenth Exptrinunt. 

Some clear lime-water placed in a coaTement glass is quicU; rendered 
milkj on passing through it the air from the longs bj means of a glass 
tube; thus proriog that respiration and (as shown \ij the ninth ex- 
periment) fermentation, as well as the combnatlon of charcoal, produce 
carbonic acid gas. 

Eleseali Experiment. 

Carbonic acid gas is not only generated by tbe above processes, bnt 
is liberated natarally in enormous quantities from volcanoes, and from 
certain soils : hence the pecnlisr natare of the air in the &xitto del 
Cane. Dogs thmat into this cave drop down immediatetr, and are 
immediately revived by the tender mercies of the gnides, who throw 
them into the adjoining lake. This natoral phenomenon is well imitated 
by taking a bos, open at the top, and nailing on to it a &sme of card- 



Fig. 148. 1 1. Ths boi model oT the Gcotlo d«l Cane. 1 1. Cudbouii flied In IhiDt 
^bVLHidpiiDtodtolmltiitQTocki. o. Cafbonlo icid gu bottle, wltb bttit tube puslog- 
thnn^ hole In ths side at the box. A lapei latrodoced kt D butiu in the apper, uid Is 
„u i.i..j^.i..i ■-'•'le model. 
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board, whleli may be painted to represent rocks, taldug care that a portion 
(about three inches deep) \t the lower part is well pasted to the dox at 
the edffes, so that the gas may be retained; a hole is perforated at the 
top side to admit a lighted taperj and another at the side for the pipe 
from the carbonic acid bottle ; when the bottom is Med with ^, a 
taper is applied, which is found to bum in the upper part, but is imme- 
diately extinguished when it reaches the lower division, where the three 
inches of pasteboard preyent it falling out : thus showing in a simple 
manner why a guide may enter the cave with impunity, whilst the dog 
is rendered insensible because immersed in the gas. (Fig. 14:8.) 

Twelfth Experiment, 

Many fatal accidents have occurred in consequence of the air in deep 
pits, graves, &c., becoming unfit for respiration by the accumulation of 
carbonic add gas, whidi may arise either from cavities in the soil, where 
animal matter nas undersone decomposition, or it may happen from the 
depth and narrowness of the hole or well preventing a proper draught 
or current of air, so that it becomes foul by the breathing of the man 
who is dig^mg the pit. Air which contains one or two per cent, of 
carbonic acid will support the res^riration of man, or maintam the flame 
of a candle; but it produces the most serious results if inhaled for 
any length of time ; a lighted candle let down into a well (suspected 
to contain foul air) before the descent of the person who is to work 
in it, may bum, but does not indicate the presence of the small 
percentage of the poison, carbonic acid. Frequently no trouble is taken 
to test the air with a lighted candle ; a man is lowered by his com- 
panions, who see him suddenly become insensible, another is then lowered 
quickly to rescue him, and he shares the same fate; and indeed cases 
have occurred where even a third and a fourth have blindly and icno- 
. rantly rushed to their death in the humane attempt to rescue their feuow 
creatures. What is to be done in these cases? Are the living to 
remain idle whilst the unfortunate man is suffocating rapidly at the 
bottom of the pit P No ; provided they do not venture themselves into 
the pit, they may tiy every known expedient to alter the condition of 
the foul air, so as to enable them to descend to the rescue. One should 
be despatched to any neighbouring house or cottage for a pan of burning- 
coals; if any slacked lime is to be had, it maybe rapidly mixed with 
water, and poured down the side of the pit ; a bundle of shavings set 
on fire and let down, keeping it to one side, so as to establish a current r 
or even the empty buckets constantly let down empty and pulled up full 
of the noxious air, may appear a somewhat absurd step to take, but 
under the circumstances any plan that will change the air sufficiently ta 
enable another person to descend must be adopted; in proof of which 
the following experiments may be adduced : 

Fill a deep glass jar with carbonic acid, and ascertain its presence 
with a lighted taper; if a beaker glass to which a string is attached is 
let down into the vessel and drawn up, and then inverted over a lighted 
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t^r, the utility of 
tluB aimpb plfUL is at 
once rendered appa- 
nat; the beaker glais 
lepreseuts the empty 
bucket, and can be let 
'down ftod palled up 
foil of carlmnic aoid 
antQ a sensible chiuiKe 
in the condition of the 
stmoaphere ia pro- 
duced. The beat plan, 
hoireTer, is to set the 
ail in motion bj heat 
obtained from burning 
matter, or even a kettle 
of boilang water, lo\r- 
eied b; a cord, and 
this fact is well shown 
bj putting a amall flask 
fall of boillne' water, ^^- 1^- ^ l*«p \*t contilouig ekrhanlii hU ut, hUcIi 
and reirVfJ at th^hnL ■" '™« frawral hj Um little gliu Imeket b. impcon- 

aau oorsea, ai ine Dot- uiniiigijorkodaMk orbomii»i^on «pid, th«h««t«d 
torn of the deep glass lurlMiudUHoiildilcdetMDditotikeltiplBM. 
jar containing the oar- 

bonic acid gas, which rises like other eases when EufBoienfJy heated, and 
passing ana;, mixes with the snrronnding air. (Fig. 119.) 

TUrlemUh Erperimmi. 

Carbonio acid gas dissolved in water under cousidcrable pressnie, 
forms that moat agreeable drink called soda-water ; the gas is not only 
nsefdl in this respect, but has been applied most sucocsafullj b; Mr. 
Oume; to extinguish a fire on a f^gantic scale, which had been burning 
ibr years in the wsste of a coal mmein Scotland. The same gas, gene- 
rated suddenly by the combustion of a mixture of nitre, coke dost, and 
day, or piaster of Paris, in Teasels of a peculiar construction, has 
formed the subject of a patent by Fhillipa, since merged into the Fire 
Annihilator Company. The instroment is peculiarly adapted for ship- 
ping, and might, if properly used, be the means of savmg many ships and 
raluable hves. (Fig. 150.) 

Its practical Talue is established by the test tf actnal use : in the 
streeta, by the Leeds Fire Brigade, and bj; firemen of the Fire Anni- 
hilator Compau)^, temporarily stationed at LiTcrpool and Manchester. 

The Fire Annihilator has been formally recodified by the Govemment 
Emigration Commisaionera, who introduced into the Fasseugera' Act, 
1852, in J 2i, the altematiTe, " Or other apparatus for gxtinguukir^fire," 
with distinct reference to this iuTcntion, and subsequently lij formal 
order authorised their of&oers to pass ships carrying Fiie Aruutulators. 
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lilaton. No. G ilie, fitUd willi moTcablc pipta. 

, „ fortjgHUoBiof »™t«; Uietiok I> filleasts 

banghdfi In the platform : Autent t^ la fitted to the real of Iha carriaKe; aai^^ ia 
plaead near tl» «nd vpcigti at Ihe tail: a haud-pnmpla p1ac«d In thel»i at rear of 
Mrriagtt I A Leatlier bnoket wIEh fbot-holda and three eanvu hneketa are hunz oa the 
niriagei s hamnwr An remOTbijt and drirlnc on tha cover of tti« ire umihll&Sn, and a 
nut WMdich Ibr the No. 10 traok, are placed in tbe box. ■. A fln aonlhilater^ No. W ^le, 
Willi morenlile pipe, on a ipring tmek. la attaehed to the eairlage. 

The battraj la fined wl(h ihiini Kit one bone. A pole i* alto prorided to fli uroM the 
■lufti, H) Uiit the batterj may be drawn b j hand. 

Monsieor Adolphe Qirard Ima proposed that all houses should be 
prOTtded with an apparatus for the generation of caibonic acid ga^ 



Tig. 191. 1. Tank contBlDing acid. eomnnniCBting: br a tdpe nKb B, helf fllM wtUi 
dulk and voter, o o o '-^x' emTejlng carbonlo aoid from the geper alo r ^ to Ihs 
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E laced outside the building, which is to be conveyed along the ceiling 
J means of pipes perforated with numerous holes, and to be put in 
operation directly a fire breaks out. This plan, however ingenious, 
eould hardly supply the carbonic acid gas with sufficient rapidity, and 
it is to be feared would utterly fail in practice. (Fig. 151.) 

BOBON. 

Symbol, B ; combining proportion, 10*9. 

Discovered by Homberg, in 1702, in borax, which is a biborate of 
soda (NaO,2BO,), and is used very extensively in the manufacture of 
glass; also for glazing stoneware and soldering metals; it is abo a 
Taluable flux in various crucible operations, whilst in testing minerals 
with the blowpipe it is invaluable: Borax is made either from tincal, a 
substance that occurs naturally in some parts of India, China, and 
Persia, or by the addition of carbonate of soda to boracic acid, a sub- 
stance obtained from the volcanic districts of Tuscany, whence it is 
imported to this country, and used in the manufacture of borax. 

The dement boron may be obtained by placing some pure boracic 
acid and some small bits of potassium in a tube tether, and applying 
the flame of a spirit-lamp, a glow of heat takes place, and whentne tube 
is cold the potash may be washed away, and the boron remains as a 
dark brownish powder somewhat resembling carbon. M. St. Claire 
Deville and Wohler have lately made some important discoveries with 
respect to this element, and disproved the statement that it is uncrvstal- 
lizable. Their researches prove it to be producible under three forms 
and of various colours, such as honey -yellow and garnet-red, the crystals 
in some cases beinff like diamonds of the purest water — Le., Imipid 
and transparent. A new combination of aluminium and boron is 
stated to possess the most remarkable properties. It is harder than 
the diamond, and in the state of powder wul cut and drill rubies, and 
even the diamond itself, with more facilitv than diamond powder. 
Deville and Wohler incline to the belief that tne diamond is dimorphous, 
and capable (in ccmditions yet to be described) of assuming the same forms 
as boron. At a high temperature, boron, like titanium, absorbs nitrogen 
only from the atmosphere, and rejects the oxygen. (Query, may not 
some of those remarkably hard black diamonds prove to be boron ?) 

SILICON. 

Symbol, Si ; combining proportion, 21*3. 

The great Berzelius was the first to obtain this element in 1823. 
Silicon m the pure state is a dark brown powder ; if ignited at a very 
high temperature it assumes a chocolate colour, which is supposed to 
be the allotropic condition, because it no longer bums when heated 
moderately in oxygen or air, and is not attacked by hydrofluoric acid. 

u 
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The most interestW combinatioii of silicou is the teroxide called 
silicic acid, silica (SiOj). Silicon is next to oxy^n so far as regards 
its plentifolness, and is found in the state of silica in nearly every 
mineral, but especially in rock crystal, qoartz, flint, sand, jasper, agate, 
and tripoli. It is largely nsed in the manufactore of fflass, abd a most 
useful " soluble glass" is obtained by melting together in a crucible 
^teen parts of sand, ten parts of carbonate of potash, and one part of 
charcoal. 

Cold water merely washes away the excess of alkali, and after this is 
done the powdered soluble glass may be boiled with water in the pro- 
portion 01 one of the former with five of the latter, when it gradually 
dissolves ; the solution mav be evaporated to a thick pasty fluid, which, 
looks like jelly when cool, and on exposure to the air in thin films 
changes to a transparent, colourless, brittle, but not hard glass. Wood, 
cotton, and linen fabrics are rendered less combustible when coated 
with this Rlass, which excludes the oxygen of the air, and it has lately 
been employed to fill up the porous and capillary openings in stone 
exposed to the atmosphere, and is stated to be very efficacious as a 
preservative of the stone in some cases. 

SULPHUB. 

Symbol, S; combining proportion, 16. 

Sulphur, like charcoal, is of common occurrence in nature, and is 
chiefly supplied from the volcanic districts of Tuscanv and Sicily : there 
is an abundance of this element in the United Kincaom, but then it is 
locked up in combination with iron, copper, and lead, under the name 
of iron pyrites, copper pyrites, galena; and whilst Sicily and Tuscany 
supply thousands of tons weight in the uncombined state, it is not, of 
course, worth while to go through expensive operations at home for the 
separation of sulphur from the ores. During tne dispute between Sicily 
and England, several patents were secured lor new and economical pro- 
cesses by which sulphur was obtained from various minerals ; and nad 
this country been excluded from a supply of native sulphur, no doubt 
some of these patents would now be in active operation. 

It is almost possible to estimate the commercial prosperity of a country 
by the sulphur it consumes, not, happilv, by their warlike operations, but 
in the manufacture of oil of vitriol or sulphuric acid, which is the starting 
point of a great number of useful arts and manufactures. 

Mrsi Experiment, 

Some very curious results maybe obtained by heating sulphur at cer- 
tain temperatures ; in the ordinary state it is a pale yellow solid, and 
when subjected to a temperature of 226° Fahr. it melts to a brownish- 
yellow, transparent, thin fluid ; according to all preconceived notions of 
the properties of substances which liqmfy by an increase of heat, it 
might be imagined that every additional degree of heat would only 
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render the melted snlplmr still more liqaid, bnt strange to say, when it 
reaches a temperature of about 320^ Fahr. it changes red, and thick 
like. treacle ; and as the heat rises it becomes so tenacious, that the ladle 
in which it is contained may be inverted, and the sulphur will hardly 
flow out : at about 482° Fahr. it again becomes liauia, but not so fluid 
as at the lower temperature. If aUowed to cool trom 482° Fahr., the 
above results are simply inverted; the sulphur becomes thick, again 
liquid, and finally crystallizes in long, thin, rhombic prisms, which are 
seen most perfectly by first allowing a crust of sulphur to form on the 
liquid portion, and then having made two holes in this crust, the sulphur 
is poured out, when the remainder is found in the interior of the crucible 
crystallized in the form already mentioned. Sulphur takes fire in the 
air when exposed to a heat of about 560° Fahr., and bums with a pale 
blue flame ; and, as already stated, it may be poured from a considerable 
height on a still dark night, and produces a continuous column of blue 
flre, just like an unbroken current of electricity. If the melted and 
burning sulphur is received into a vessel containing boiling water, it is 
no longer yellow, but assumes a curious allotropic state, in which it is a 
reddish-brown, transparent, shapeless mass, that may be easily kneaded 
and used for the purpose of taking casts of seals, which become yellow 
in a few days, and are found then to be hard and crystallized. 

Second Experiment. 

Sulphur vapour, in one sense, may be regarded as a supporter of com- 
bustion : if a clean Florence oil-flask is fiUed with copper turnings, and a 
little roughly-powdered sulphur sprinkled in, and heat applied, the copper 

glows with an mtense heat, and burning in the vapour of tne sulphur, pro- 
uces a sulphuret of copper ; from this compound the sulphur maybe again 
obtained by boiling the powdered sulphuret with weak nitric acid, which 
oxidizes and dissolves tne copper, leaving the greater part of the sul- 
phur behind, which may be collected, melted, and bumf, and will be 
found to display all the properties belonging to that element. This 
experiment is a very eood example of simple analysis; and if the 
•copper is weighed and luLewise the combined sulphur, a good notion may 
be lormed of tne principles of combining proportions. 

Third Experiment, 

A little sulphur burnt under a gas jar, or in any convenient box (a 
bat-box, for instance), produces sulphurous acid (SO,), which will bleadh 
a wetted red rose or dahlia, and many other flowers. This gas is em- 
ployed most extensively in bleaching straw, and sundry woollen goods, 
sucn as blankets and flannel, and likewise silk, and is pernaps one of the 
best disinfectants that can be employed; when fever has oeen raging in 
the dwellings of the poor, as in cottages, &c., all metallic substances 
nhould be removed, the doors and windows closed, the bedding, &c., well 
exposed, and then a quantity of sulphur should be burnt in an old &y- 

u2 
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ing-pan placed on a brick, taking care to avoid the chance of setting the 
place on nre ; after a few honrs the doors and windows may be opened and 
the disinfectant will be fonnd to have done its work cheaply and snrely. 

Fourth Bxperiment, 

The presence of sulphur in various organic substances, such as hair, 
the white of egg, and fibrine, is easily detected by heating them in a 
solution of potash, and adding acetate of lead as long as the precipi- 
tate formed is redissolved ; finally the solution must be heated to the 
boiling point, when it instantly becomes black by the separation of sul- 
phuret of lead. 

Fifth Experiment. 

Sulphuric acid, H0,S08, or oil of vitriol, is made in such enormous 
quantities that it is never worth while to attempt its preparation on a smdl 
scale. In consequence of its great affinity for water, many energetic 
changes are produced by its action. Oil of vitriol poured on some loaf 
sugar placed m a breakfast-cup with the addition of a dessert-spoonful of 
boiling water, rapidlv boils and deposits an enormous quantity of black 
charcoal. If a word be written on a piece of white calico with dilute 
sulphuric acid, and then rapidly and tnoroughly washed out, no visible 
change occurs ; but if the calico is exposed to heat, so that the excess 
of water is driven off, the remaining and now concentrated oil of vitriol 
attacks the calico, and the word is indelibly printed in black by the 
decomposition of the fabric of cotton. A very remarkable process has 
lately been introduced by Mr. Warren de la Rue, by which paper is con- 
verted into a sort of touffh parchment-like material, called ametastine, by 
the action of oil of vitriol and water of a certain fixed strength ; and any 
departure from the exact proportions destroys the toughness of the paper. 
Aner the paper has been acted upon by the acid, it becomes extremely 
tenacious, and will support a considerable weight without breaking. Mr. 
Smee has used this ametastine in the construction of an hygrometer, and 
states that it may save many a traveller from catching a severe rheu- 
matism in a damp bed. 

Sixth Experiment, 

When the vapour of sulphur is passed over red-hot charcoal and the 
product carefully condensed, a peculiar liquid is obtained, called bisul- 
phide of carbon (CS^, which possesses a peculiar odour, is extremely 
transparent and brilliant-looking, and enioys a high refractive power. 
This liquid is used as a solvent for phospnorus and other substances, and 
is extremely volatile and combustible, and bums silently with a pale 
blue flame. The combustion of its vapour, mixed with certain gases, 
offers a good example of the fact that slow burning may be a peaceful 
experiment, whilst very rapid combustion often resolves itself into an 
explosion. Thus, if a few drops of bisulphide of carbon are dropped into 
a narrow-mouthed dry quart bottle containing common air, and flamie 
applied, the combustion takes place with rapidity, a rushing or 
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roaring sound being audible, in coosetiuence of the diffused vapout being 
supplied with more osygen, and bummg more rapidlj than it would do 
if aimply oonsuined from a stick or glass rod wetted with the fluid. A 
still greater rapiditj of combustion is ensured by dropping some bisul' 
phide of carbon into a long stout cylindncal jar, fifteen inches long 
and three inches in diameter, containing iiitric oxide gas (NO,) ; when 
flame is applied the mixture buma with a bright flash and some noise, 
and if bunvt in a tmrrow mouthed bottle would most likely blow it to 

The greatest rapidity of combustion, and of course the budest noise, 
is obtained by shaking some bisulphide of carbon ia a similar stout and 
strong cylindrical jar filled with ojygen gas, but in ttia case the jat 
must be protected with a double cylinder of stout wire gauze i it does 
not always break, but if it is blown to fragments each particle becomes 
a lancet-shaped piece of glass, which is capable of producbg the most 
dangerous wounds. (Fig. 152.) 



Selenium {at^rli, the Moon*) ; symbol, Se ; combining 
proportion, 39 '5. 
This new metallic element is allied to sulphur, and ia a species of 
chemical curiositv, being fonndiuminatequantitiesin various minerals; 
it may be meltea and cast into anyfonn. Medallions of the discoreier 
(Berzelius) of seleniom, ia little cases, are imported from Gennanj, 
for the cabinets of the curioua. 

' • dUed Hkailnm cm lommit of il< itroiiK uulogj \o the mettd t«lliiriiun {IMu, th* 
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FHOSFHOBTJS. 

Phosphorus (<^«ff, light ; (^epwv, to bear ; symbol, P ; combining 

proportion, 32.) 

Monsieur Salverte, in his work on the Occult Sciences of the 
Ancients, quotes a remarkable story respecting the probable discovery 
of the nature of phosphorus in 1761 : — " A Prince San Severe, at 
Naples, cultivated chemistry with some success ; he had, for example^ 
the secret of penetrating marble with colour, so that each slab sawed 
from the blocK presented a repetition of the figure imprinted on its 
external surface. In 1761, he exposed some human skulLs to the action 
of different reagents, and then to the heat of a glass furnace, but paying 
so little attention to his manner of proceeding, that he acknowledgea 
he did not expect to arrive a second time at the same result. Prom the 
product he obtained a vapour, or rather a gas was evolved, which, 
kindling at the approach of a light, burned for several months 
without the matter appearing to £e or diminish iu weight. San 
Severo thought he had found the impossible secret of the inextin- 
guishable lamp, but he would not divulge his process, for fear that 
the vault in which were interred the princes of his family should 
lose the unique privilege with which he expected to enrich it, of beinfi^ 
illuminated with a perpetual lamp.^* Had he acted like a philosopher of 
the present day, San Severo would have attached his name to the im- 
portant discovery of the existence o^ phosphortts in the bones, and made 
public the process by which it might be obtained. 

This element, formerly sold at four or five shillings the ounce, has now 
faUen so much in price, from the ^eater demand and larger production, 
that it may be bought for a few shillings the pound, and is imported in 
tin cases m large quantities from Germany. It was discovered about 
two hundred years ago by Brandt, a merchant of Hamburg, and may 
be prepared on a small scale by distilling at a red heat phosphoric 
acid previously fused with one-fourth of its weight of powdered 
charcoal. 

First Experiment. 

Phosphorus, when pure, is without taste or colour, but generally of a 
very pale buff-colour, and semi-transparent ; it is extremely combus- 
tible, and is usually preserved under the surface of water ; when per- 
fectly dry, a thin sUce will take fire at 60° Fah., and bums with 
great brilliancy. Considering the heat produced during the com- 
bustion of phosphorus, it might be thought that it would infallibly set 
fire to any ordinary combustiUe, such as paper or wood, but this is not 
the case when phosphorus is employed by itself, as may be proved by 
the following experiment. 

Cut five very small pieces of phosphorus, and place them like the 
^N^ of diamonds on a sneet of cartridge-paper laid upon the table, set 
the bits of phosphorus on fire, when they wiU be rapidly burnt away» 
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leaying only ^ve black spots, but not firing the paper, as would be the 
case if some red-hot coals or charcoal were placea in the same position. 
The cause is very simple. Phosphorus in burning produces phosphoric 
acid, which is an anti-combustible, and coats the surface of the paper 
round the spot where the combustion occurs, and acting as a kmd of 
glaze or glass, excludes the oxygen of the air, and prevents the fire 
spreading. 

If some powdered sulphur is sprinkled round the spot where the bit 
of phosphorus is to be burnt, the case is very different ; the heat melts 
and sets fire to the sulphur, which being uncoated with the phosphoric 
acid, communicates to the paper; and it is on this principle tnat lucifer- 
matches can be used as instantaneous lights. The tip of the wood of 
which they are composed is first dipped in sulphur, and then the phos- 
phorus composition made of gum, chlorate of potash, vermilion, and 
phosphorus, is placed over it ; and if the latter were used alone without 
the sulphur, not one match in a hundred would take fire properly. 

Second jExpeT%7Heut, 

Common phosphorus is perfectly and rapidly dissolved by bisidphide 
of carbon. The solution must be carefully preserved, as it is a uquid 
combustible, which takes fire spontaneously after the bisulphide of 
carbon evaporates ; so that wherever it is dropped, a flame, arising from 
the spontaneous combustion of the finely-divided phosphorus, is sure to 
be produced. This liquid was recommended many years ago to the 
Government for the purpose of setting sails of ships or other combus- 
tible matter on fire. The solution of phosphorus alone did not answer 
the purpose, as already explained in the first experiment ; but when wax 
was dissolved with the phosphorus, it then became a most dangerous 
fluid, which it was recommended should be used in shells, and discharged 
from a mortar or howitzer in the ordin^ manner. Dr. Lyon Playfair 
.was the first to make this proposed application of the solution, and it 
has since, we believe, been recommended by Captain Norton in h^ liquid- 
fire shells. 

Third Experiment. 

One of the most curious facts in connexion with phosphorus, 
is its assumption of the aUotropic state in what is termed amorphous 
(shapeless) or red phosphorus. This substance, when handled for the 
nrst time, mi^ht be mistaken for a lump of badly-made Venetian red. 
There is no risk of its taking fire like the common phosphorus, and it 
does not (according to Schrotter, of Berlin, who discovered this peculiar 
condition) exhide those fumes which are so prejudicial to the lucifer- 
match ms^ers. When the vapour of common phosphorus is continuallr 
inhided, it is said to cause a peculiar and (usgusting disease, whicn 
terminates in the destruction of^the jaw-bone ; whilst tne bones in other 
parts of the body become brittle, and arm-bones thus affected are 
tractured with the slightest blow. 

The difference between common and red phosphorus is well shown— 
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£rst, by placing a few small pieces of both kinds in separate bottles or 
vials containing bisulphide of carbon; the common phosphorus, as 
fdready explained, quicldy dissolves in the liquid, and if poured on a 
sheet of paper, and hun^ up, is soon on fire ; whilst the red variety is 
wholly unanected, and if the bisulphide of carbon is poured off on to 
paper, it merely evaporates, and no combustion occurs. 

The similarity in composition, though not in outward form, is further 
shown b^ filling two jars with oxygen eas, and having provided two 
deflagrating spoons, some common pnosphorus is placed in one, and red 
phosphorus in the other; a wire, gently heated by dipping it into 
some boiling water, is now applied to the former, which immediately 
takes fire, and may be plunsed mto the jar of oxygen gas, when it bums 
with the usual brilliancy. TiiG red phosphorus, however, must be brought 
to a much higher temperature (500° Fah.) before it wiU even shine in 
the dark, tod then with a still further increase of heat it takes fire, and on 
being placed in the other jar of oxygen bums up much more slowly than, 
the yellow phosphorus, but at last exhibits that brilliant flash of light 
which is so characteristic of the combustion of phosphoms in oxygen. 

The amorphous or red phosphorus is employed in the manufacture of 
wfety chemical matches, and M. A. Meunons has secured a patent in 
Imgland for an improvement in lucifer matches, with a view to obviate 
the risks of accidental ignition. To attain this end the matches are first 
cut by a machine from cubes of wood, the cut being stopped at a 
short distance from the end of each cube, so as to leave the lower ex- 
tremities adherent. The upper or free extremity of each packet of 
splints thus formed being coated with wax or sulpnur, is dipped in one 
of the following preparations: — Chlorate of potash, two parts; pul- 
verized charcoal, one part ; umber, one part ; or, chlorate of potash, 
sulphur, and umber, in equal parts, thoroughly mixed with glue. The 
opposite extremity or *' cut" of each packet is then painted over with 
amorphous phosphoms blended with size, so that on separating the 
matches the phosphorus is only found on the top of each. The matches 
thus prepared are ignited by breaking off a small piece of the phos- 
phorised end and rm)biiig it on the opposite extremity covered with the 
mflammable preparation. 

Loud exploding and dangerous lucifers w^re formerly made by dipping 
bundles of matches, previously coated with sulphur at the tips, into a 
thick solution of ^um, at a temperature of 104° Fahr., coloured with 
smalt or red lead, in which was dissolved a certain proportion of chlorate 
of potash, and adso containing finely divided particles of phosphorus ob- 
tained by the constant stirring and rubbing of the materials in a mortar. 
When dry the matches exploaed if rubbea against a gritty surface, and 
there was always a risk of a fragment flying off and^ entering the eye. 
To obviate this danger, silent or noiseless lucifer matches were invented, 
and the composition used (according to Bottger) is as follows : — Gum 
arable, 16 parts by weight ; phosphorus, 9 parts ; nitre, 14 parts ; pow- 
dered black oxide of man^nese, 16 parts. The above ingredients are 
-worked up in a mortar with water, at 104° Fahr., and the matehes pre- 
viously tipped with sulphur are dipped therein and afterwards dried. 
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Fourth ExpenmaU 

The oombnstioD of 
phosphorus under 
water is easil; de 
monstrated bj plac 
lae some ordioar; 
st ck phosphorus u 
a metallio cap and 
them pluogmg t ra- 
pidlj under flie siu- 
UCB of botlmg water 
If a jet of oxygen 
gas 3 now directed 
upon the liquid phos- 
phorus, it bums 
with great brilliancj. 




D. Sheet of Wirt g»aw. 



"When the oiygeo escapes too rapidly from the jet, it causes some small 
particles to be thrown out of the water, so that it is adTisable to defend 
the face with a sheet of wire gaoze held a few inches abore the glass 
whilst the experiment is being condocted. (Fig. 163.) 

Fifih ExperiMeiU. 
Fhoaphoms bums and emits beantifm 
flashes of light in the presence of the 
gas called peroxide of chlorine (ClO^), 
which must be very carefullj generated 
under the surface of water by first placing 
some eut phosphorus and chlorate of pot- 
ash at the bottom of a long and stout 
cylindrical glass nearly full of water ; 
salphoric acid is then conveyed to the 
chlorate of potash hy means 01 a syphon, 
the end of which must be drawn out to a 
small opening, or else the oil of vitriol 
will descend too rapidly, and tbe glass 
will be cracked by the heat. Immediately 
the peroxide of chlorine comes in contact 
with the phosphorus it exph)dea, and 
passes sgam to its original elements, 
o»vgen and chlorine. Theae bubbles en- 
Telope minute particles of phosphorus, 
which rapidly ascend, like water-spiders, 
to the surface, and bum as they pass up- 
wards, producing a continual series of 
sparks of fire, which have an extremely 
pretty effect. fFig. 154.) The syphon is of 
oouise first filled with wat«r,aita as that is 
displaced, the oil of vitriol takes its place. 
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Sixth 'Experiment. 

If a little pbosphorus is placed in a small copper boiler, and the 
steam allowea to escape from a jet, it is observed to be luminous, in 
consequence of a minute portion of phosphorus being carried up mecha- 
nically with the steam. The same fact is shown very prettily by boiling 
water in a flask containing some phosphorus. 

Seventh Experiment. 

Phosphorus explodes violently when 
rubbed with a little chlorate of potash, 
and in order to perform this experi- 
ment steely, it should be made in a 
strong iron mortar, the pestle of which 
must oe surrounded with a large circle 
of cardboard and wire gauze ; so that 
when it is brought down upon the 
phosphorus and chlorate of potash, 
anv particles that may fly out are de- 
tained by the shield. Without this 
__^_^^_^_ precaution the experiment is one of 

« „, ^ , . the most dangerous that can be made. 

Fig. 165. Ju The iron mortar con- ZJt t-k\ ° 
taining the phoBphoms and chlorate of v-^^^g* 19 0.; 
potash. B. The pestle, with the shield, 
o 0, composed of a circle of wire gauze, 
ooTcred with one of cardboard. ' Eighth Experiment. 

Phosphuretted hy- 
drogen owes its pro- 
perty of spontaneous 
combustion to the 
presence of the va- 
pour of a liquid, 
phosphide of hydro-' 
gen (PHj), which 
may be prepared by 
placing some phos- 
phide of calcium into 
a flask with water 

heated to a tempera- 
Fig. 166. ^ The flMk containing the phojpMdeofcalcim^ ^ £ -^^^o ^^ 
and water, and placed in a water-hath heated to 140" Fah. " * 
B. Bent tube conveying the gas to o o, the U-shaped tube, and COnveymg tne 
to which it is attached l^ india-rubber tubing, c c. The U- rr^s into a U-shaped 
shaped tube, surrounded with a firewflng mixture, d d. Bent © , o„--oiindpd with 
tubTpassing into a cup of water to prevent contact with air. tube SJirrounaea WKU 

a mixture of ice and 
salt. The liquid obtained is colourless, and must be preserved from 
contact with air, as it takes fire spontaneously directly it is exposed 
to the atmosphere. (Eig. 156.) 
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EXfEKIMBNTe WITH 

Nialh JErpm^ienl. 

ekly prepareL. _. ^ -^ 

^ ._ maiiiig them red-hot ; if lumpa of dry 

phosphotns are thrown into the crucible, and the cover placed on 
luickly, and immediately after the phosphorus, the latter unites with 
De ouciuta, and forms a bcovn substaoce whiab produces gaseous 
phosphide of hjdrozen (PH,) when placed in water, and the gaa takes 
nie BpQntaneousl; wnen it comes in contact with the air. 

T^th Experimeat. 

Phosphorus placed in a retort with a tolerably strong solution of 
potash, and a small quantity of ether, afforiis a lu'ge quantity of phoa- 

Shide of hydrogen (commonly called phosphuretted hydrogen) when 
oiled. The neck of the retort must dip into a basin of water, and the 
object oF the ether is to prevent the combustion of the first hubbies of 
gas itttide the retort, which by their explosion would probably break the 
glass. If the neck of the retort is kept under water m which potash is 
dissolved, the gas may be generated for many days at pleasure, although 
it is not a desu^ble experiment to renew too often, on account of the 
disagieeable odonr produced. (Fig. 157-) 



When ajar of oivgen is held o»er the neck of the retort generating the 
phosphnretted hydrogen, a bright flash of light and explosion are ob- 
served; and it the experiment is performed m a darkened room, it b just 
like a sudden flash of lightuing. A bottle of chlorine held over the neck 
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of tlie retort, tod dipping of conrse in the water of the basin, produces 
a green flame every time tbe bubble of gas passes into it. That curious 
sppearance bf light, sametimea seen in marstLj districts, called wiU-o'-the- 
ynsp, is supposed to be due to the escape, from decomposing matter, of 
bubldea of bydrogen, nitrogen, &c., tl^ongh which the apontaoeouslj 
isflammable phosphide of hydrogec. is diffused. 

A.t a place called Dead Man s Island, near Sheemesa, magnificent 
effects of this kind are sometimes apparent when the mud banks are 
accidentallj stirred at night 1^ a boat-hook. A credible observer sa^, 
he once saw there a flash oiyellowisb-greeD light, accompanied with , 
noise, about thirty feet in height. The apparent neight migDt be due to . 
the duration of the impression of the flash on the cje, as the light from 
the burning phosphuretted hydrogen ascended rapidly upwards. TTie 
source of this gas appears to be due to the fact, that during the time some 
Eussian ships were watched by the Brest fleet, a number of the sailors 
died of cholera, and were buried in the banks ; the decomposition of the 
bone containing phosphorns would account for the appearance of light 
already described. 

With the discussion of some of tbe moat interesting properties of the 
tiiirteen non-metallic elements we take leave of the subject of chemistn; 
reserving the consideration of tbe metals for another popular juvenile 
work, of which they vrill form the subject. 

In answer to the oft-repeated question, " Where can I get the tkiagi 
for the eiperiments ?" it may be stated that ererr kind of glass vessel 
and tbe cbemlcals mentioned m this chapter, can oe procured either of 
Messrs. Simpson, llaule, and Co., Kenuington, or of Griffin and Co., 
Buobill-row, or Bolton and Co., High Holbom. 
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CHAPTEE XTTT, 

7BICTI0HAI XLECTBICITT. 

Of all the agents with Tbich man ia acquainted, not one can afford a 
greater source of wonderment to the ignorant, of meditation to ttie 
teamed, than the effects of that marvelous force perrading all matter 
called elcctiicitjT. We look at matter endowed with life, and matter 
wanting thia divine gift, with some degree of interest, depending on our 
Tarious taates and occupations ; we know at a glance a bird, a Beast, or 
a fish ; we observe with pleaanre and admiration the wonderful chai^^ 
of nntore, and know that & few seeds thrown into the broken clods and 
well-tilled earth may become cither the waving, golden corn-field or in 
time ma; grow from the tender little shrub to the statelj forest-tree: 
we know all these things because they belong to the yisible world, and 
are continually passing Defore our eyea ; but in looking at the visible, 
we must not forget and ignore the invisible. It may with tmtli be 
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stated that the greatest powers of nature are all concealed, and if any 
truth would leaa us from Nature to Nature's God, it is the fact that 
no visible, solid, tangible agent can work with so much force and 
power as invisible electricity. Many centuries passed away since the 
commencement of the Christian era, before the human mind was pre- 
pared to appreciate this great power of nature ; other forces had claimed 
attention, and the difference in the presence or absence of two of the 
imponderable agents, heat and light, as derived from the sun, in the 
effects of the change of the seasons, and other common facts, had led 
philosophers to speculate early upon their nature ; but electricity, from 
its peculiar properties, long escaped observation, and it was not until 
the beginning of the eighteenth century (about 1730) that any material 
facts had been discovered in this science, when Mr. Stephen Grey, a 
pensioner of the Charterhouse, discovered what he termed electrics 
and non-electrics, and also the use of insulating materials, such as silk, 
resin, glass, hair, &c. ; and it is obvious that, until the latter fact was 
discovered, the science would remain in abeyance, because there would 
be no mode of preserving the electrical excitement in the absence of 
non-conductors oi this force. 

The year 1750 was remarkable for Volta's discoveries and Dr. Frank- 
lin's identification of the electricity of the machine with the stupendous 
effects of the thunderstorm. Sir Humphry Davy, in 1800, with his 
commanding genius, threw fresh \isht upon the already numerous 
electrical effects discovered. In 1821, Faraday commenced his studies 
in this branch of philosophy ; which he has since so diligently followed 
up, that he has been for some years, and is still the first electrician of 
the age. From the commencement of the present century, discoveries 
have succeeded each other in regular order and with the most amazing 
results ; and now electricity is regulaj^ly employed as a money-^tting 
agent in the process of the electrotype and electro-silvering and ^ding; 
also in the electric telegraph ; and in a few years we may possibly see 
it commonly employed asa source of artificial light. 

The nature of electricity, says Turner, like that of heat, is at present 
involved in obscurity. Both these principles, if really material, are so 
light, subtle, and diffuse, that it has hitherto been found impossible to 
recognise in them the ordinary characteristics of matter ; and therefore 
electric phenomena may be referred, not to the agency of a specific sub- 
stance, but to some property or state of common matter, just as sound 
and light are produced by a vibrating medium. But the effects of 
electricity are so similar to those of a mechanical agent, it appears so 
distinctly to emanate from substances which contain it in excess, and 
rends asunder all obstacles in its course so exactlv like a body in rapid 
motion, that the impression of its existence as a distinct material sub- 
stance sui generis forces itself irresistiblv on the mind. .All nations, 
accordingly, have spontaneously concurred in regarding electricity as a 
material principle ; and scientific men ^ve a preference to the same 
view, because it offers an easy explanation of phenomena, and suggests 
a natural language intelligible to all. 
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There are five well-ascertained sources of electricity, and three which 
are considered to be uncertain. The five sources are friction, chemical 
action, heat, magnetism, peculiar animal organisms. The three uncertain 
sources are contoct, evaporation, and the solar rays. 

First ExperimeiU, 

A stick of sealinj-wax or a bit of glass tube, perfectly dry, rubbed 
against a warm piece of flannel, has 
eucited upon its surface a new power, 
which will attract bits of paper, straw, or 
other light materials; and alter these sub- 
stances are endowed with the same force, 
a repellent action takes place, and they 
fly off. One of the most convenient ar- 
rangements for making experiments with 
the attractive and renellent powers of 
dectricity is to fix witn shell-lac varnish 
round discs of gilt paper, of the size of 
a half-crown, at eacn end of a long straw 
that is supported about the centre with 
a silk thread, which may hiemg from the 
ceiling or any other convenient support. 
(I%l60.) 

jlie varnish is easily prepared by 
placing four or eight ounces of shelf- 
lac in a bottle, and pouring enough 
pyroxylic spirit (commonly termed wood 
naphtna) upon the lac to cover it. After 
a short time, and by agitation, solu- 
tion takes place. In a variety of ways 
friction is proved to be a source of 
electricity, and forms a distinct branch 
of the science, under the name of JHc- 
tional electricity. 

Second Experiment, 

The nature of chemical action has been already explained, and is 
alluded to here as a source of electricity of which the proof is very 
simple. Apiece of copper and a similar-sized plate of zinc have attaghed 
to tnem copper wires ; these plates are placed opposite to, but do not 
touch each other, in a vessel containing water acidulated with a small 
quantity of sulphuric acid. When the wires are brought in contact, a 
current of electricity circulates through the arrangement, but has no 
power to attract bits of paper, straw, &c. In order to ascertain whether 
the current of electricity passes or not, a piece of covered copper wire 
is bent several times rouna a magnetic needle, so that it has freedom of 
motion inside the core or hollow formed by twisting the copper wire. 
This arrangement, properly constructed, is called the galvanometer 




Fig. 160. A. The glass pillar sap- 
port. B. Straw with dues, hanging by 
a silk thread. 



176 boy's playbook of boienck. 

needle, and is inTala&ble as a means of ascertaimiig the passage of 
electricit; derired kam ctiemical action. (Fig. 161,) 



F[g.iei. A. The gBlvuomEUi nesdla. B. Yaaiel conUlMng neak icLd and tha dec and 
eopptt pUlM. Tbe taotn iliow the pitb of Ihe elecOlD curnDt. 

When tlie wires leading from the metal plates are connected with the 
extremities of the coil in the galTanometer, the needle is deflected or 
pushed aside to the right hand or to the left, according to the diieetion 
of the current. 

Third Experiment. 

The third source of electricity is heat, and the effect of this agent is 
weU shovu by twisting together a piece oC platinnm and silver wire, so 
as to form one leiu;th. If the silver end is attached to any screw of the 
galvanometer, anathe platinom end to the second screw, no movement 
of the magnetic needle takes place until the heat of a spirit-lamp is 
applied for a moment to tbe point of innctnre between the silver and 
platinnm wires, when tbe magnetic needle is immediately deflected. 




Fir. lea. 

(0 r, T, the 
JonctHK, +. 

Fourii Experiaieni. 
The fourth source of eleetricitj— viz., magnetism — requires a some- 
what more complicated arrangement ; and a most delicate ^vanometer 
needle mnst be provided, to which is attached the extremities of a long 
spiral coil of copper wire covered with cotton or silk. Every time a 
bar magnet is introduced inside the coil, so that the conducting wire cuts 
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and the same effect u prodoced on the withdrawal of the magnet, the 
needle being deflected in the oppOBite direction. 

The magnetic spark can be oDtuDed b; emplojing a magnet of auffi- 
cient power; and the arrangement tor tnis purpose is verj simple. A 
cylinder of soft iron is provided, and ronnd its centre are wound a few 
feet of covered thin copper vire, one end of which ia terminated with a 
copper disc well amal^mated, and the other end, after being properly 
cleaned and coated with toercur;, is bronght into contact with the disc. 
Directly this cjlinder is laid across the poles of the magnet, and as 
quickly removed, the point and disc, from the elastddtj of the former, 
separate for the moment, the contact is broken between the point and 
disc, and a brilliant but tinj spark is apparent. 



migiMt. c Cjllndn oruft lioii. n. Coll of coi^et 
win iDd omiact broker. 

fytk Experimeai. 
The fifth mode of procorin^ electricity would require the assistance 
of an electrical eel, a fine specimen of which (forty inches in length) was 
exhibited at the Adelaide Gallery some years ago. Various experiments 
were made with this animal, and the author had the pleasure of wit- 
nessing aU the ordinary ph^omena of frictional electricit;^, illustrated 
hj Dr. Faraday, with the assistance of the animal electricity derived 
from this curious creature. Becent experiments have, however, proved 
tbat the elcctiio current is induced through the agency of the nerrDna 
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system. This important fact lias been commnnicated by M. Dubois- 
Baymond, whose experiment is thus recorded : — A cylinder of wood i» 
firmly fixed against the edee of a table ; two vessels filled with salt and 
water are placed on the table, in such a position that a person grasping 
the cylinder may, at the same time, inserik the fore-finger of each haxd 
in the water. iBach vessel contains a metallic plate, and communicates, 
by two wires, with an extremely sensitive galvanometer. In the instru- 
ment employed by M. Dubois-Kaymond, the wire is about 3^ miles in 
length. The apparatus being thus arranged, the experimenter grasps 
the cylinder of wood firmly with both hands, at the same time dipping^ 
the fore-finger of each hand in the saline water. The needle of the 
galvanometer remains undisturbed ; the electric currents passin£f by the 
nerves of each arm, and being of the same force, neutralize eacn other. 
Now, if the experimenter grasp with energy the cylinder of wood with 
the right hand, the left hand remaining relaxed and free, immediately the 
needle will move from west to south, and describe an angle of 30°, 40°, 
and even 50°; on relaxing the grasp, the needle will return to its original 
position. The experiment may be reversed by employing the leffc arm, 
and leaving the right arm free : the needle will, in this case, be deflected 
firom west to north. The reversing of the action of the nee^e proves the 
influence of the nervous force. The conditions, it may oe added» 
essential to the success of the experiment are : 1st, Great muscular and 
nervous energv ; 2nd, The contraction of only one arm at a timq ; 3rd,. 
Dryness and cleanliness of skin; and 4th, freedom from any kmd of 
wound on the immersed part. 

Sixth Expenmefii, 

In making electrical experiments of the simplest kind, it soon becomes 
apparent that certain substances, such as glass, sealing-wax, &c., retain 
the condition of electrical excitement ; whikt other bocues, and especially 
the metals, seem wholly incapable of electrical excitation : hence the 
classification of bodies into conductors and non-conductors of electricity. 
This arrangement is not strictly correct, because no substance can be 
regarded as absolutely a conductor, or vice versd. It is better to con- 
sider these terms as meaning the two extremes of a long chain of inter- 
mediate links, which pass by insensible gradations the one into the other. 
In the manufacture of electrical apparatus, glass is of course lai^y 
employed, and this substance, with brass and wood, constitute the usual 
materials. One of the most instructive pieces of apparatus is the elec- 
troscope, which can be made with a gas jar, a cork, a piece of glass 
tube, brass wire and ball, or a flat disc of brass, with some Dutch metal, 
or still better, gold leaf. The latter is first cut into strips by retaining 
the leaf between a sheet of well-fflazed paper and cutting through the 
paper and the copper or gold lea^ otherwise it would be impossible to 
cut the metal, on account of its excessive thinness, except with a giider's 
knife and cushion. The cork is next fitted to the gas jar, andpenorated 
with a hole to admit the glass tube, which must be thoroughly ^, and 
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18 best coated both inside and out with the shell-lac varnish described 
at page 175. Some dry silk is wound round the 
brass wire, so that it remains fixed and upright in 
the glass tube, the end outside the jar naving a 
ball, or still better, a fiat disc of brass attached, 
and the other extremity being split so as to act 
like a pair of forceps, to retain a piece of card to 
which the gold leaves are attached. By removing 
the cork, tube, and brass wire bodily from the necc 
of the gas jar, and then in a perfectly still atmo- 
sphere carefully bringing the card, sbghtly wetted 
with gum at the extrendty, on two of the cut 
cold leaves, they may be stuck on, and the whole 
is a^ain arranged inside the dry gas jar, and forms 
the important instrument called the electroscope. 
(f^. 164.) With the help of this arrangement, 
a number of highly instructive experiments are 
performed. 

Seventh Expertfucfit. 

first, the difference between conductors and 
non-conductors is admirably shown by rubbmg a 
bit of sealing-wax against a piece of woollen cloth Hg.iai A.ThebraM 
or flannel ; on brinpmg the wax to the brass disc of J*'*. ^*J A** ^iX^ 
the electroscope the gold leaves no longer hang .S3S*teaf^B^(te ttS 
quietly side by side, but stand out and repel eacn Jar. o o. The gUm 
oth£r, in oJ)eiaience to the law *' that bodies nmi- ^^* 
larfy electrified repel each other." If the brass cap is touched whilst the 
leaves are m this electrical state, they fall again to ^ their original posi- 
tion, showing that sealing-wax, after being excited, retains its electrical 
condition, as abo the gold leaves, because they are supported on glass, 
or what is termed intulated — i.e., cut off from conducting communica- 
tion with surrounding objects. When, however, the sealing-wax is 
passed through a damp hand, or the brass disc of the electroscope 
touched, the electricity is conyeyedaway to the earth, because the human 
body is a conductor of electricity. 

Eighth Experiment, 

When a brass wire is rubbed and brought to the electroscope, the 
leaves do not move, in consequence of the electricity passing away to the 
earth through the body as fast as it is generated : it is iust like pouring 
water into a leaky cistern ; but if the orass wire is tiea to a long stick 
of sealing-wax, and this latter held in the hand whilst the wire is rubbed 
with a bit of flannel, then the gold leaves of the electroscope are affected, 
on account of the insulation of the metal, as every substance which caa. 
be rubbed (even fluids, as water) produces electncity. 
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An ingolsting stool is mereljapieceof atrongMQa 
m gkes legs, which should be well varnished. U t 
in thia atool and tonchea the disc of the electroscope, no moremeiit of 



the leaves takes place until his ooat is Inisklj stmck with a piece of dry 
silk or skin, when the osnal repulsion occurs. 



Ilg. IM. Aulitul itrndlDB on the inmUUDB atool and tCKuAInE tha diac of III* 
elMtrouopa wluul being nnuk itUli ■ dry hndkercnieL 

ThM Expmmeni. 

If a little powdered cbalk is placed inside a pair of bellows, and then 
forcibly ejected on to the disc of the electroscope, the friction of the 
particles of chalk ag^nat the inside of the nc«z1e of tbe bellows and 
against the disc of the instrument soon liberates sufficient electricilj to 
cause the gold leaves to stand oat and repel each otiier. 

Seventh Experim^. 

Wliilst the leaves of the electroscope are repelled from each other by 
the application of a bit of rubbed sealinB-wai, thej may be again caused 
to approach each other on bringing a dry glass tnbe previously rubbed 
with a silk-bandkerchief ; because the electxicity obtained from sealing- 
wax is different from that procured from glass : tiie former is called 
rainoia or negative electricity, the latter potitive or vUreoia electricity. 
Either, separately, is repMne of its own partiolea, bnt tUtraetive of the 
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other. No electrical excitation can occor without the separation of 
these two curious states of electricity, and electrical quiescence takes 
place when the two electricities are brought together ; hence the fall of 
the gold leaves repelled by rubbed wax when the excited glass is brought 
towards the disc of the electroscope. This experiment may be reversed 
by repelling the leaves first with the excited glass, and then bringing the 
rubbed wax, when the same effect takes place. 

Twelfth Experiment, 

To show the important elementary truth, that in all cases of electrical 
excitation the two kinds of electricity are generated, take a dry roll of 
flannel, and holding it as lightly as possible, rub it against a bit of wax. 
If the flannel is brought to the electroscope, the leaves repel each other, 
and the^ immediately fall when the wax is now approached, because the 
flannel is in the positive or vitreous state of electricity, whilst the 
sealing-wax is in the negative or resinous condition. 

Thirteenth Experiment, 

Anv kind of friction generates electricity. A little roll brimstone 
placed in a dry mortar and powdered, and then thrown on to the dectro- 
scope, quickly causes the repulsion of the leaves. 

Fourteenth Experiment. 

A sheet of dry brown paper laid on a flat surface, and vigorously 
rubbed with a piece of mdia-rubber, produces so much electricity 
that sparks and flashes of light are apparent in a dark room when it 
is lifted from the table ; and it affects the leaves of the electroscope 
very powerfully, so much so that care must be taken to apply it very 
carefully to the disc, or the violence of the repulsion may cause the 
fracture of the gold leaves, and then a great aeal of time is wasted 
before they can be put on again. 

Fifteenth Experiment. 

A dry wig or bunch of horse-hair when combed becomes electrical, 
and likewise affects the leaves of the electroscope. 

Sixteenth Experiment, 

Two dry silk ribbons, the one white and the other black, passed 
rapidly together through the fingers, exhibit sparks and flasnes of 
light when drawn asunder, and abo cause the gold leaves to repel each 
otner. 

Seventeenth Experiment. 

m 

Much instructive amusement is afforded by testing the gold leaves 
when separated from each other during either of the former experiments. 
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with an excited piece of sealing-wax. If the electricity produced is 
negative, they repel each other farther when the excited wax is ap- 
proached ; if positive, they fall when the excited wax is brought near 
them. 

Eighteenth Experiment, 

When fresh, dry, ground coffee is received on to the disc of the elec- 
troscope, as it falls from the mill, powerful electrical excitation is 
displayed, and this is sometimes so apparent, that the particles cling 
around the lower part of the mill or to the sides of the cup or basiu 
held to catch it. 

Nineteenth Experiment. 

After playing a tune on a violin, hold the bow (well rosined) to the 
electroscope, when the usual divergence of the leaves will be apparent. 

Twentieth Experiment. 

Gut some chips from a piece of wood with a knife attached to a glass 
handle, and as tney fall on to the electroscope the leaves are repelled. 

Twenty 'first Experiment. 

Warm & piece of bombazine by the fire and then draw out some of the 
threads ^which are of two kinds— viz., silk and wool), and place them 
on the electroscope, when divergence of the leaves immediately takes 
place. 

Twewty-iecond Experiment. 

Put upon the same leg a worsted stocking and over that a silk one, 
if the latter is now quickly rubbed all over with a dry hand and near 
the fire, and then suddenly slipped off, the sides repel each other, and 
the silk stocking retains very much the same shape as if the leg still 
remained in it, and of course collapses as the electricity passes away. 

Twenty-third Experiment. 

Electrical machines consist only in the better arrangement of lar^r 
pieces of glass and a more convement mechanical contrivance for rubbi,ng 
them, and are of two kinds — viz., the cvlinder and plate machines ; it is 
usual to give directions for the manufacture of an electrical machioe 
from a common bottle, and doubtless such rude instruments have been 
made, but as Messrs. Elliott Brothers, of 30, Strand, now supply excel- 
lent small machines at a ver^r low cost, it is hardly worth while to incur 
even a small expense for an instrument that must at the best be a very 
imperfect one and frequently out of order. (Eig. 166.) 



XLEOIRICAL KACHINBS. 




Fig. ISfl. A. ej'llDder dlec^LuJ muhlne. 

Plate macluDcs ore Bomewhat more expensive tb&n cjlinder ones, but 
at the same time are more quicklj prepared for eiperimente, and l£r. 
Hearder, of Pljmontb, slates, tbat tne teenl in obt^uiug tlie gteatoat 
amount of electricit; (com a cjlinder machine, ia to keep the inside of 
tiie g^s absolntelj clean, drr, and free from dnst. Sometimes the 
glass of which electrical macnines are made is wboU; luifit for eleo- 



Fig. 167. The oidiBUj plate decttical mi 
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trioal pnrposes, in ooosequence of the decompositian of the Borhce 
from inutmect numuiootare and the liberation of the albiJL (Figs. 
167, IM.) 



Fir. I6B. Windwud't donbla vMe cIhMcb] michlse, eItIiw 1 modi Umr 
qoautitj of slKtriidt; tliaa Fig. Ifl7. 

Twenls-fottrtk Experimmt, 
Cjliiider and fJate machines are funuahed with proper mbbers, and 
before using the instrument it is uaoal to remove tnem, and after o*re- 
follf cleanii^ the glass with a dry silk handkerchief before a fire, 
the rubbers ore scraped with a paper-knife to remove the old amalgam, 
and fresh applied b^ first melting the end of a tallow candle slightly, 
and after passing this over the rubber, the Snel; powdered amalgam is 
now dusted onto it. Electrical amalgam is prepared bj fusing one part 
of zinc with one of tin, and then agitating the liqnid mass with two 
parts of hot mercury placed in B wooden bos; when cold it shonld 
lie carefoll; powdered and kept in a well-stoppered bottle for use. 
When the amalgam has been applied, the mbbera are again screwed 
in their places, and the machine wheu turned [if the atmosphere is 
tolerably oiy) will emit an d>undauce of bright sparks. 



Attraction and repulsion are shown on a luger scale, with the as- 
sistance of electrical machines, by placing aflshi^ rod (the last joint of 
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vhicb is made of glass) in an erect position, siid attaching to the ex- 
tremitj a long tassel ot paper from 
a which athinwire passes to toe prime 

conductor of the eiectric&i maehine ; 
on turning the instcament, the 
strips of paper all stand out and 
repel each other. (Fig. 169.) 

Tatnlg-tixth Sxpaintmi. 

Suspend from the prime conductor 

b; a cliajn a circular brass plate. 




and under this place another supported by a brass adjusting stand. 
If pith figures of men and women are placed on the lower plat«, thej rise 
diractlj toe machine is turned, although sometimes, in conaequence of 
irrqpdaritv in the adjoatment of the centre ot gravity, they perversely 
dance on their heads instead of the usual position ; out of half a dozen 
fignres, one only perhaps will be found to dance well, bj alternately 
jumping to the up^r pkte and falling to the lower one to discharge the 
excess of electncity; and indeed the experiment will be found to 
succeed better with one or two only on the plate instead of a number, 
as the; ding together and impede each other's moiements. (Fig. IfO.) 
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Taenlji-iasmth Experiment. 
An assistant provided vith a wig of well-combed hair presents a 
most ridiculous appearance when standing on the insulating stool and 
connected bj a wire with the prime conductor of the electrical 
machine, everj hair, when not matted together, standing ont in the moat 
absnid manner, when the machine is pat in motion. 

Tieenly-eiffAtA Experiment. 



ether, and presented to the tip of hb finger, a spark fliea off which 
quickly sets fite to the inflammable liquid. 

Tteenlf-nintA Experiment. 

If small discs of tinfoil, cat out with a proper stamp, are pasted in 

coutinaooa lines over plate glass, or apirall; round gla^ tabes, a vwj 



It 



ni in. 111. ATlaRorbT*airiraiiippartedaa>i(luiiiniiT[iirids«hktatbaiplnI 
tobL I, nmlTH, and prodaHi beuCinil ind erer-chuEiiig drblo of light, wImd cooDnted 
vllh tli» oaadaotcir, e, olOtt tlectrlcal muhlne. 
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pretty effect is produced when they receive the sparks from the electrical 
machine, and tne passage of the electricity from one disc to the other 
produces a vivid spiral or other line of light. When the tube is 
mounted in a proper apparatus, so as to revolve whilst the sparks pass 
down the spiral tube, tne effect of the continuous electric sparks is much 
heightened. (Fig. 171.) 

Thirtieth Experiment, 

A great varielr of experiments, depending on the proper arrangement 
of discs of tinfoil on various tubes of coloured glass are manufactured^ 
and some in the form of windmills, the sails being made luminous by the 
passage of the eleclricity. The names of illustrious electricians, beautiful 
crescents, stars, and even profile portraits, have been produced in con- 
tinuous streams of electric sparks. 

Thirty-first Experiment, 

When an electrified body is brought towards another which is not 
electrical, the latter is thrown into tne opposite state of electricity as 
loDjg as the excited body remains in its neighbourhood ; and this con- 
dition of electrical disturbance, set up without any contact or supply of 
electricity, is called induction, and involves a vast number of interesting 
facts, which are thoroughly .discussed in Br. Noad's excellent work on 
electricity, but can only oe briefly alluded to here. 

If a number of lengtns of brass wire, supplied with balls at the ex- 
tremities, are supported on glass legs and arranged in a line, with a 
little pith bail attached to a thread hanging from each end of the length 
of brass wire, the effect of induction is snown very nicely ; and when an 
excited glass rod is brought towards one end of the series, the risine; of 
the pith balls to each other betrays the change which has occurred in 




Vig, 172. The lengfths of brass wire supported on glass rod pillars indented by blowpipe, 
■0 as to retain the brass wires with the pith balls hanging firom each series, the lettors 
y and v mean Positive and Negative, and the signs tor these terms are placed aJtwTe. 
The letters p and v are painted on the blocks which support the glass rod?. 

the electrical state of the brass wires by the mere neighbourhood of the 
excited glass tube. The glass tube is electrified positively, and attracts 
the n^ative electricity from the brass wire towards the end nearest to 
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it ; the other extremity of the brass wire is found to be in the positiye 
state, and this re-actine on the next, and so on throughout the lengths, 
completes the electrics! disturbance in the whole series. (Fig. 173.) 

TAirty'Second Experiment, 

If an insulated brass rod (such as has been described in the last 
experiment) is touched by the finger whilst under induction, it remains 
permanently electrified on the removal of the disturbing electrified body ; 
and it is on this principle that the useful electrical machine called the 
Electrophorus is constructed. This constant electrical machine— for it 
will remain in action during weeks and months if kept sufficiently dry — 
was invented by Yolta in Uie year 1774 ^i^d has been brought to great 
perfection by Mj. Lewis M. Stuart, of the City of London School ; so that 
with a little additional apparatus the whole of the fundamental prin- 
ciples of electricity can be demonstrated. It consists of a fiat brass or 
tin circular dish about two feet in dmmeter and half an inch deep, which 
is filled with a composition of equal parts of black rosin, shell-lac, and 
Venice turpentine ; the rosin and the Venice turpentine being first 
melted together, and the shell-lac added afterwards, care of course being 
taken that the materials do not boil over and catch fire, in which case 
the pot must be removed from the heat, and a piece of wet baize or other 
woollen material thrown over it. Another tin or brass circular plate of 
twelve inches diameter, and supported in the centre with a varnished 

flass handle nine inches long, is also provided, and the resinous plate 
eing first excited by several smart blows with a warm roll of flannel, 
the plate held by the glass handle is now laid upon the centre of the 
resinous one, and if removed directly afterwards, does not afford the 
electric snark ; but if, whilst standing upon the excited resinous plate, 
it is toucned, and then removed by the glass handle, a powerful electric 
spark is obtained; and this may be repeated over and over again with 
tne like results, provided the plate with the glass handle is touched with 
the finger just oefore lifting it from the resinous plate. (Fig. 173.) 
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Fig. 173. A A. Large circular tin or brass disc with tnmed-ap edge half an inch deep, 
and containing the resinous mixture b, which is rubbed with the warm flannel, o c. The 
upper plate supported by the glass handle n, a pith ball attached to a wire shows the 
eiectrioal excitation, and the spark is supposed to be passing to the hand x. 
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The electricity excited on the resinous plate is not lost, and by induc- 
tion sets up the opposite condition in the plate with the glass handle. 
The resinous plate, beine excited with negative electricity, disturbs the 
electrical quiescence of uie upper plate, and positive electricity is found 
on the surface touching the resinous plate, and negative electricity on 
the upper one, so that when it is removed without oeing touched, the 
two electricities come together again, and no spark is obtained ; but if, 
as already described, the upper plate is touchea whilst under induction, 
then positive electricity appears to pass from the finger to the negative 
electricity on the upper side of the plate, when the two temporarily 
neutralize each other, and then, when the plate is removed, the excess 
of electricity derived from the earth throi^h the finger becomes appa- 
rent. Induction requires no sensible thicKuess in the conductors, and 
can be just as well produced on a leaf of gold as on the thickest plate of 
metal ; and it should be remembered that non-conductors do not retain 
their state of electrical excitation when the disturbing cause is removed, 
whereas conductors possess this power, and this fact brings us to the 
consideration of the Leyden jar. 

Tkirty'third ExperimenL 

If one side of a dry ^lass plate is held before and touches a brass ball 
proceeding from the prime conductor of an electrical machine whilst in 
action, the other side is soon found to be electrical; this does not arise 
from the conduction of the electricity through the particles of the glass, 
but is produced by induction, the side nearest the ball being in the 
positive state, and the other side negative : as glass is a non-conductor 
of electricity, the effect is much increased by coating each side with tin- 
foil, leaving a margin of about two inches of uncovered glass round the 
covered portion, then, if one side of such a plate is held to the prime 
conductor of the electrical machine, and the other connected with the 
ground, a powerful charge is accumulated; and if the opposite sides 
are brought in contact with a bent brass wire, a loud snapping noise is 
beard, and the two electricities resident on either side of the ^ass come 
together with the production of a brilliant spark, or if the nands are 
substituted for the bent brass wire, that most disagreeable result is 
obtained — ^viz., an electric shock ; hence these glass plates are some- 
times fitted up as pictures, and when charged and handed to the 
unsuspecting recipient, he or she receives the electric discharge to the 
great discomfort of their nervous system. 

Mica is sometimes substituted for glass, and the late Mr. Crosse, the 
celebrated electrician, constructed a powerful combination of coated 
plates of this mineral. It consisted of seventeen plates of thin mica, 
each five inches by four, coated on both sides with tinfoil within half 
an inch of the edge. They were arranged in a box with a glass plate 
between each mica plate, all the upper sides were connected by strips 
of tinfoil to one side of the box, and all the under surfaces in the same 
manner with the opposite extremity of the box. They were charged like 
an ordinary Leyden battery. 
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Thirlg^mrih Experiaaii. 
If the glass plate coated with tin- 
foil is charged, and then placed m>- 
right on a stand, it may be slowlj dia- 
charged by pWng a bent wire on the 
edge with the extremities covered with 
pith bails. The wire bttlances itself, 
and continnes to oscillate with noise 
nntQ the electricilies of the two sur- 
faces neutralize each other. (Fig. 174.) 

Tiiriy.fi/IA ExperiaaU. 
^t-"^ "■ GiiMpbleoritaiiaooitoi It is easT to imagine the glass 
irith pitt b^ "^Ub^f "dn^ t^ P'»te of the last eiperiment rollea up 
diKbuge oTUu giui piiM. mto the more convenient fonn of the 

Leyden ^ar, which consists of a rl^as 
yesse! lined both inside and out with tinfoil, leaving some two or three 
inches ot the glass round the month nncovered and vamishetl with 
shell-lac; a piece of dry wood is fitted 
into the mouth of the jar, thiongh 
which B brass wire ana diiun am 
passed, and the end outside is fitted 
-tfith a ball The Leyden jar is 
charged by holding the ball to tlie 
prime conductor of the electrical 
machine until a sort of whizzing 
noise is heard, caused by the excess 
of electricity passing ronnd the un- 
covered part of the jar and not 
throaeh i^ as the smallest crack in 
the ^ss of the Leyden jar would 
render it useless. Electricity is 
Bometimes called a Snid, and the fact 
R«.17B. Il«i*jan,j««di™i of collecting it like T^ter in ajar. 
nils diKhugts. helps ns to understand this anali^. 



i, the bright spark, 
_ , „ 'ith one nai ' 

the btdl with a brass wire helain the other. (Fig. 176.) 



shock are obtained by ^raspiiu; the ontside with one hand and touching 
" ' " ■■ ' fire helain tl ""' -"" 



TAirfy^tixiA Exptriment. 
The jar is silently discharged if the balls are removed from the dis- 
charger and points used instead ; so, also, the whole of the electricity 
produced b^ an electrical machine in full action may be readilr drawn 
off by a pomt«d conductor, snch as a needle, placed at the end of a brass 
wire. Electricitv passes much more rapidly tbron^h points than rounded 

surfaces, hence the reason why all pa-'- - -'-'"- — ' — '—- 

Irom sharp points and rough asperiiit 
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TAirly-mvtTiti Experiment. 



Bttremelj tbin wires ma; be burnt bj piusine the cliarge oE ft ia»e 
Lejden jar throngh them. The show jars, railed specie jars, usaaOT 
decorated and placed in the windows of chemists' shops, make excel- 
lent Lejden jsrs, when not too thick ; and with two of the largest, all 



FIkITB. l KihoguT bond with iiliwtgfwlilMnpeFUkdtt .., 
md twill Bud inthewtre.UuMiiiiacbild*. The Ibin wlin ua gtnlolwd be 
tji,,^-- ■ ■ ' ..... „ .. . , 



twUi, ud Uh loiier me li tn oooiu of deflirntlon. ■ >. Ctu^ad Urg« Lejdsi bftttur 
J. — 1._ . .1. ■.....„.. ..„ p,4(, ^^ elBCtridlj. 



the interesting effects produced by accnmolated electricitj may be dis- 
plftjed. To pass the daschaige through wirea, nothing more ia required 
thu to strain them across a dn mahogauj board, between two brass 
virea and balls, and if a sheet of white paper is jilaced under them, moat 
carious markings are produced by the fine particles of the deflagrated 
metal blown into the surface of the pmiec. An arrangement of two or 
more Leaden jars is Qsuallj called a Lejden Battery, just as a ainglo 
cannon u spoken of as a gun, whilst two or more conatitnte a battery. 
(Rg. 17B.) 

TMrlti-eigkih Experimeni. 
Little models of houses, masts of ahipa, trees, and towers are sold by 
the instrument makers, and by placing a long balanced wire on the top 
of the pointed wire of a large Lejden jar, having one end furnished 
with wool to represent a clond, a moat excellent imitation of the effects 
of a charged tnnnder.oloQd is prodaced. The mechanical effect of a 
flash of liehtDing has been analysed, and it has been stated, in one 
instance, that the power developed through fifty feet was equal to a 
13,230 horse-power engine, or about the power of the engines of the 
Great Sailem, and that the explosive power waa equal t« a praasoie of 
three hundred milUous of tons. (£%. 177.) 
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rertuTDed witb tba ditebjirgv. D, Another model of the Aiiblv 
- -' ' — '' ^ ^ whm thA contiiiai^ of Cbft coodnoor li 



ed Lefdenju with bAlmced wiro and wool at B, npTcaentliirHthii 

1.1. . , _..i ,,.. j.-.i o_ Another moddof the 

A contiiiai^ of " 

Franldin wl 
tlectcicol m 
thondeiaiu 
k, pointed and g 
tiemitj, and carried to the highest point oE a bojlding, vill protect 



have been described}, and the awe-inspiring thondei and lightning of 
nature. A copper rod, half an inch thicE, pointed and gilt at the ex- 
tremitj, and earned to the highest point oE a building, vill protect a 
drcle with a radius of twice its length, lie bottom itf the tod must be 
passed into the earth till it touches a damp stratum. 



193 



CHAPTER XIV. 

VOLTAIC BLBCTBICITY. 

In describing the various means by which electricity may be obtained, 
it was stated that "Chemical Action" was a most important source of 
this remarkable agent; at the same time it must be understood that it 
is not eveiiy kind of chemical action which is adapted for the purpose ; 
there are certain principles to be rigidly adhered to — first, in the 

feneration of the force ; and secondly, in carrying it by wires so as to 
e applicable either for telegraphic puiposes, or for the hiehly valuable 
processes of electrotyping and electro-suvering, plating, ana gilding. 

A lifi;hted candle, or an intense combustion of coal, coke, or charcoal, 
no doubt involves the production of electricity, but there are no means at 
present known by which it may be collected and conducted ; when that 
problem is solvecl, the cheapest voltaic battery will have been constructed, 
m which the element decomposed is charcoal, and not a metal, such as iron 
or zinc. The first and most simple experiment that can be adduced in 
proof of electrical excitation by cnemical means, is to take a bit of clean 
zinc and a dean half-crown, and placing one on the tongue and the other 
below it, as long as they remain separate no effect is observed, but 
dhrectly they are made to touch each other, whilst in that position, a 
peculiar thnll is rendered evident by the nerves of the tongue, wliich in 
this case answers the same purpose as the electroscope akready de- 
scribed, and in a short time a peculiar metallic taste is perceptible. 

It has been stated over and over again that it was to a somewhat 
similar circumstance we owe the discovery of voltaic electricity, and 
the story of the skinned fro^ agitated and convulsed by an accidental 
communication with two different metals, or, as some say, with the 
electricity from an ordinary machine, has been repeated in nearly everv 
work on the science. Professor Silliman, however, asserts that the gal- 
vanic story is doubtful, and is a fabrication of Alibert, an Italian writer 
of no repute, and that greater merit is due to Galvani than that of being 
merely the accidental discoverer of this kind of electricity, because he had 
been engaged for eleven years in electro-phvsiological experiments, usins 
frogs' legs as electroscopes. It was wnilst experimenting on animtd 
irritability, Galvani noticed the important fact that when the nerve of a 
dead frog, recently killed, was touched with a steel needle, and the muscle 
with a suver one, no convulsions of the limb were produced until the two 
different metals were brought in contact, and he explained the cause of 
these singular after-death contortions by supposing that the nerves and 
muscles of all animals were in opposite states of electricitv, and that 
these nervous contractions were caused by the annihilation, lor the time, 
of this condition, by the interposition of a good conductor between them. 

This theory of Galvani had several opponents, one of whom, the cele- 
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brated Volta, Encceeded in pointing out its fallacy ; lie maintained that 
the electrical excitement was due entirelj to the metaU, and that the 
muscular contractions were cansed by the electricity thus developed 



gnished philosopher may truly be said to have laid the loundation of tbis 
DOW commercially valuable brancb of science. 

Firit Experiment. 
If a plate of clean bright zinc is placed in a vessel containing some 
dilnte sulphuric acid, energetic action occnis from the oxidation ot the 
metal, and ita union as an oxide with the acid, and the escape of a mul- 
titude of bubbles of hydrogen eas. After the action has proceeded some 
time, the zinc may be removei^ and if a littJe quicksilver is now rubbed 
over the surface with a woollen lag tied on the end of a stick, it unites 
with the metal, and the sur- 
face of (he zinc assumes a 
brilliant silvery appearance, 
and is said to be amalga- 
mated. In that condition it 
is no longer acted upon by 
dilute sulphurio acid, and for 
the sake of economy this is 
the only form in wliidi ainc 
should be employed iik the 
construction of^ voltaic batte- 
ries or single circles. If a 
clean plate of copper, with a 
wire attached, is now placed 
in the dilute acid opposite to 
I and not touching the amal- 
I gamated zinc plate, which may 
also be furnished with a con- 
ducting wire, no bubbles of 
hydrogen escape until the wires from the two metals are brought in 
contact, and then, singular to relate, the hydrogen escapes from the 
copper plate, whilst the oxygen is rapidly aOBorhed by the zinc, and a 
cnrrent of electricity will now he found to pass from the zinc through 
the fluid to the copper, and back ^ain throagh the wire to the starting- 
point, and if the wires are disconnected, the chemical action ceases, and 
no more electricity is produced. (Fig. 179.) 

The passage of the current of electricity is not discoverable by the 
electroscope, because it is adapted only to indicate electricity of high 
tension or intensity, such as that produced from tbe electrical machine 
which will pass rapidly through a certain thickness of air, and oanse 

Sith balls to stand out and repel each other ; such efiects are not pro- 
DCible by a single voltaic circle, or even an ordinary voltaic battery, 
although one comprising some hundreds of alternations would prodnce 




Tig. ire. 



pite^ 
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an effect on a delicate electrometer ; hence voltaic electricity is said to 
be of low intensity, and this property makes it much more useful to 
mankind, because it has no desire to leave a metallic path prepared for 
it, and does not seize the first opportunity, like the electricity from the 
electrical machine, to run away to the' earth through the best and 
shortest conductor offered for it. K electricity had only been producible 
by friction, we should never have heard of electrotypiog, and the other 
useful applications of electrical force of low intensity. 

Second Experiment, 

To ascertain the 
passage of a current 
of voltaic electricity, 
the instrument called 
the galvanometer 

needle is provided, ^ig. ISO. A gralvanometer needle, consistiiig of a coU of 
which consists of a eovered coi^r wire, the ends of which terminate at the 
coil of copper wire binding screwj.!^^ iB raided on a 

1.VXA MM. wj/^/v/* n^v jj^ ^ ^jj^ centML and the eoil u snnoonded with a gradu- 
surrounding a m%- atedoirde. 
netic needle, so as to 

leave the latter freedom of motion from ri^ht to left, or vice versa. 
When this coil is made part of the voltaic circle it becomes magnetic, 
and reacting on the magnetized needle, deflects it to one side or the 
other, according to the direction of the current. (Fig. 180.) 

Third Experiment. 

If a number of simple voltaic circles, such as the one described in the 
first experiment, are connected together, they form a voltaic battery, 
in whicn of course the quantity of electricity is greatly increased. 
Batteries of all kinds, from the original Yolta's pile, consistmg of round 
zinc and copper plates soldered together with interposed cloth moistened 
with dilute sulphuric acid, or his couronne des tosses, consisting of zinc 
and silver wires soldered together in pairs, and placed in glass cups 
containing dilute acid, to the improved batteries of Cruikshank, Wil- 
kinson, Babington, Wollaston, and the still more perfect arrangements 
of Daniell, Mullins, Shillibeer, and Grove, have been from time to time 
recommended for their own peculiar features. 

Amongst these several inventions, none will be found more useful 
than the constant battery of DanieU for electrotyping, silvering, gilding, 
and other purposes, and Grove's battery for all the more brilliant results, 
such as the deflagration of the metals or the production of the electric 
light. The construction erf the Daniell and Grove batteries will there- 
fore be described. The former consists of a cylindrical vessel made of 
copper, in which is suspended or placed (as it is open at the top) a 
membranous, brown-paper, canvas, or porous earthenware tube, con- 
taining an amalgamated rod of zinc. To charge this arrangement, a 
strong solution of sulphate of copper, with some sulphuric acid, is 
poured into the copper vessel, which is provided usually with a sort of 

o2 
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twenty, afFord a quantity of electricity sufficient to demonstrate all the 
usual phenomena. (Fig. 181.) 

Frolessor Grove's Mtteiy conaiats of a flat glued eartbenvare vessel 
containing a flat porous celL An amalgamated zine plate ia placed 
outside Uie porooacell, and a platinnm plate inside the latter. The 
arrangement is put in action by pouring dilute sulphuric acid ronnd the 
sine and strong nitric acid inside the porooa cell. A set of Grove's 
nitric acid battery, as manufactnied by Messrs. Elliott, Brothers, of 
30, Strand, with filtv p^rs of sheet platmnm, five inches by two ieches 
and a quarter, and donhle amalgamated zinc plates, flat porous cells, and 
separate earthenware troughs for each pur, and stout mahoganv stand, 
arranged in ten series of five pairs, will evolve with a proper voltameter 
one hundred cabic inches of the mixed gases per minute trom the decompo- 
sition of water, and will exhibit a most brilliant electric U^ht, when 
ammged as a single series of Gftv pairs of plates. Even thirty pairs 
exhibit the most splendid effects, wtulst forty mav be r^arded as the 
happy medium, giving all the results that can he desired. (Fig. 1S3,) 

The advantage of employiog amalgamated sine is very OTominenlly 
illustrated whilst using any powerful arrangements of eitherDauiell's or 
Grove's batteries, as thev will remain for hours quiescent, like a giant 
asleep, nntil the lermimd wires of the series are brought in contact 
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either throoch the intervention of Bome fluid under decomposition or bj 
means of cSarcoal points. The author had the pleasure o( witnessiuK 
at Kind's College some of the effects of on enormoiu battel^, prepareH 
bf the Iste ProfeasoT Daniell, and con^istin^ of seventj of his cells. 

A. continuoos arch of flame vas produced between two charcod points, 
when distant from each other three quarters of an inch, and tlie li^t 
and beat were so intense that the professor's face became scorched and 
inflamed, as if it bad been exposed to a sununer heat. The rajs col- 
lected bj a leus qnickij fired paper held in the focus.* 
Fom-iA Experimaif. 

It is bj " chemical action" the electricit; is produced, and as action 
and reaction ore always equal, but contraij, we ore not surprised to find 
that the electricity from the roltaio batter; will in its turn decompose 
ohemically manj compound bodies, of which water is one of the most 
interesting examples. It was is the year 1800, and immediately after 
Volta's announcement to Sir Joseph Banks of his discovery of the pile, 
that Messrs. Nicholson and Carlisle constructed the first pile in England, 
consisting of thirty-six half -crowns, with as many discs of^zinc and paste- 
board s<Mked in salt water. These eentlemeo, whilst experimenting 
with the pile, observed that bubbles of ^ escaped from the platinum 
wires immersed in water and connected with tne extremities of the 
Volta's pile, and ooTerine the wires with a glass tube full of water, on 
the 2Dd of May, 1300, tt)ey completed the splendid discovery of the 
fact that the Volta's current had the power to decompose water and 
other chemical compounds. 

■ Bj the light from the ume btMarj phatogenio dnwingg wen taken, ud th* b««lln| 
power wu 10 great u to flue with the nlmoet readineifl a ui of platJdiini one-eighth of m 
tDch iqaiTa ; aiul mU the mors innulhle metala, inch u rhodium, LrliUam, titulmn, te, 
were melted like wu when pUMd in (mall csTitlM hi hud graphite lod opoted lo tlii 
entrent oCelectrlcltr. 
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In 1801. DaT7 had sue 
ceeded to a Tacant post in 
the Bojal Institntioii, and 
> OD Oct. etb, 1807, made 
his transcendent discovery 
of potassiam with the aid 
of the voltMC batterj, and 
from that and other eipe- 
riments inferred that the 
whole cnist of the globe 
was composed of the oxides 
of metals. To exhibit the 
decompoaition of water, 
two pUtinnm plates with 
proper connecting wires, 
passii^ to small metallic 
cups loll of mercoiy, are 
cemented inside a glass 
vessel, which is then Med 
with dilute snlphoric acid. 
Jnst above the pktinnm 
plates and over them, stand 
two glass tubes also con- 
taining the same fluid in 
contact with the batterj. 
Two measnrea of hjdrc^en 
are fonnd in one tube, and 
one of oxygen in the other. 
(%. 183.) 

To measure the quan- 
tity power of the voltaio 
battery, an important in- 
strument invented bj Pa- 
raday is used. It consists 
of separate platinum plat«s 
cemented in a wooden 
stand, and over which a 
capped air-jar with a bent 
pipe is Eilso cemented. This 
apparatus contains dilute 
^^ sulphuric acid of the same 
1*^1^ strcnj^h as that used in 
the IWittery under eiaou- 
nation, and bj taking the 
time, the quantity of the 
mixed oxygen and hydroseu gases producible by a batter; per minute is 
accurately determined, tSe gases of course being collected in a gra- 
duated jar. (Fig. 184.) 
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Fifth Experiment, 

By grouping the simple circles forming a voltaic battery in various 
numerical relations, the quantitif and intensity effects are modified. 

Thus, if a series of thirty pairs of Grove's battery are all connected 
together in consecutive order, the smallest quantity and the largest 
intensity effect is produced. 

If changed to two groups of fifteen each, the quantity is doubled — 
that is to say, it wiU produce double the quantity of the mixed gases 
from the voltameter with half the intensity. 

If arranged in three groups of ten each, it is trebled with a propor- 
tional loss of intensity, until the grouping reaches six series of five eacfa> 
when a maximum supply of the mixed gases is obtained from the 
voltameter. 

In arranging the groups, all the zinc ends of each series are con- 
nected, and all the pfitinum ends are likewise joined by proper wires. 

Sixth JSxpentneitt. 

A plate-glass trough, con- 
taining a few grains of iodide 
of potassium dissolved in 
water with some starch, is 
quickly decomposed into its 
elements by placing in two 
platinum plates and connect- 
ing them with the wires of 
the voltaic battery. If the 
glass trough is divided in the 
centre with a bit of cardboard, 
the purple colour of the iodine 

anil s+arrhiq «thr>wn vprvhftan- ''^C* ^^' ^ a. A glass trougn containmg tbe 
ana SiarcniS snown very Oeau- ^^ BissoWed in water, and divided temporarilj 

tlfully on one side, but not on with a bit of cardboard, B. c are the two plaiinnm 

the other, as iodine is libe- plat<» connected with the battery, jmd tiie shaded 

rated at one pole and the al- f^ '^^^^ ^ '^^^^^ *^^ ^^«^**^^ "^ *^ 
kali at the other. (Tig. 185.) 

Seventh Experiment. 

Some solution of common salt coloured with sulphate of indigo and 
placed in the trough is decomposed into chlorine, which bleaches one 
side of the indigo solution, and the alkfdi liberated on the other does 
not affect it. 

Eighth Experiment, 

Some nitrate of potash dissolved in water and coloured with litmus 
placed in the glass trough, changes red on one side of the cardboard by 
the liberation of acid, and is not affected on the other. 

In these experiments the oxygen, iodine, chlorine, and nitrio acid are 
liberated at tne electro-positive pole, and are hence termed dectro- 
negative bbdies, whilst hydrogen and the alkalies are set free at the 
electro-negative pole, and are therefore called electro-positive bodies. 
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7sn>ds; has modified these temu, end calls the tvo classes " aniau" 
and " caikitmt'' and the tiro poles "anodes" and " cathodes." 

Anode, from oio, np, and iUc, a waj : the way which the sun rises. 
Ajiions, from dri, np, iifu, to go : that which goes up ; a substance 
which passes to the anode during the passage of a cuireot of elee- 
tridty. Cathode, from Korh, down, and &iiit, a way : the way which 
the sun sets. Cathion, from arra, down, and (i^ to go : thm which 
goes down ; a substance which passes to the cathode dnnng the passage 
of electricity from the anode to the cathode. 

Nittth Sxpermoii. 
In the process of the electrotyne is presented a Talnable a^licatioa 

of the chemical power of the voltaic circle or battery, and it may be 
conducted either as a single cell operation or by distinct batteries. In 
the former case the most simple arcaugement will suffice ; the only 
articles necessari are — a large mug or tumbler ; some brown paper and 
aruler; a bit of amalgamated tine, four inches long and half an inch 
wide ; a abort length oif copper wii« ; some black lea^ blue Tltriol, and 

A to be taken can be made 
I, white wai, gutta peroha, 
be selected — viz., a common 
seal, it is first thoroughly black-leaded,' 
then one end of the copper wire is bent 
rouud the top of the amalgamated zinc, 
and the other is gentlT warmed and 
melted into the side of the seal, leaving 
I a small portion uncovered by the wax, 
which is then well black-leaded. A few 
ounces of blue vitriol are dissolved in 
I boiling water, and when cold the sola- 
tion is poored into the tumbler, and the 
porous cell to contain the mixture of 
dght parts water to one of sulphuiie 
acid is made by rolling the brown paper 
three or four times round the raler and 
closing the end, and fixing the side with 
a little sealing wax. The porous cell of 
brown paper is now filled nith the di- 
late acid, and placed in the tumbler 
containing the solution of blue vitriol, 
the amalgamated zinc being arranged in 
the paper cell, and the attached seal in 
^S'- '!?■ ^-^.i '^J™)'^^°-'' the copper solution ; in about twelve 
^^ brown pmsr mu hours a good deposit of copper is pro- 

ba loiphidc kM, duced, and a perfect cast m metal of 
'™'™"^'^ the seat obtained. (Pig- 186.) 
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UesarB' Elliott pnmde e^erj kind of couTenieiit vessel for the pur- 
pose, and in tbe picture below it will be noticed that the single cell appa- 
latns, thoiig;h not so economioal as the simple tiunbler ammfement alreadj 
described, is perhaps more convenient for electrotj^ing. (Pig. 1S7.) 




A sin^B cell apparatns is only adapted to produce small electrotnies, 
but wb^ lai^er ontt ate leqnired, a separate battel? of three or font 
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DanicH'a or Smee's cells is required; lud it is asosl to place &te moiild 
to be copied in a sepante vooden trongli, atUching it to the cathode 
win, whilst a copper plate is conikected with the anode, so that aa the 
solntion of anlphate ol copper nadei^oei decompositian bj the passage 
of the elcctriciU, it is kept almost in a nonnal state, in consequenioe of 
the oijgea of tne water and the add paaaing to the copper phUe, which 
thej attack and disaolTc as fast as the oxide of copper and hydrogen 
are Ubeiated at the cathode, where the latter deoxidizes the oxide of 
copper, and bj a secondary action deposits metallic copper; the object 
being bo dissolTC fresh metal as the copper is deposited on the moiiId. 
(Fig. 188.) 

Elevenlk Experiment. 

To silTcr electrotjrpes or other brass and copper articles, the Gnt 
attention must be pau to the cleanness of tbem ; and when an electro^pe 
is josl removed from the copper solution, and washed in clean wat«, 
it IS at once teadj to receive the coating of silrer; otherwue, if it baa 
been handled, or la alightlf greasj, it should be first boiled in a solntioii 
of common washing soda, and then the oxide removed b; passing it 
rapidlj in and oat of some " IKpping Acid," which is prgiarea bj 
Timing tc^ther equal parts of ou of vitriol and nitric aqid; when 
removed from the " Dipping Acid," it mnst be well washed in water, 
and ma; remain under the sorface of the water until die sflrenng 
solntion is readj. A silver soiatian may be prepared bv dissolving a 
sixpence in some nitric acid contained in a flask ; it is then poured into 
a solution, of common salt, which precipitates the chloride of silver, and 
leaves the copper in solution — the latter is poured off when the chloride 
haa subsided, and after being well washed in some boiling water, is 
dissolved in a solution of cjanide of potassium. If a clean electrotype 
is plunged into this solntion, it is imme- 
diately covered with a very thm coating of 
silver, which of course would soon wear o^ 
and in order to increase the thickness of 
the silver deposit, a single cell arrangement 
' may be constmcted of a large gallipot con- 
taining a wide porous cell ana a circle of 
amalgumated sine around it ; the arrange- 
ment is set in action by pouring a solution 
of salt (or, still better, sal ammoniac} into 
and around the porous vessel, and the sil- 
vering solution mto the latter; a conuect- 
. ._ ing wire passes from the einc, and the ar< 

tif. 1B». Tha gdupot Ain- 'icle being attached to it, is now plunged 
tibiiDg (be Hliitioa oT ml imnio- into the porons cell, when a current of 
Sfcd'^^hS^llSn^ electricity sbwly. passes and deposits the 
■sTw to whidi tbe meiUi u silver on the copper article. (Fig. 189.) 
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Twelfth Experiment, 

Separate batteries and lar^ troughs containing a solution of cyanide 
of silver in cyanide of potassium are used on a grand scale in the electro- 
plating establishment of Messrs. Elkington of Birmingham, where the 
finest specimens of the art are to be obtained ; a plate of silver being 
attached to the anode to supply the loss of silver in these troughs. 

Thirteenth Experiment. 

The art of gilding by the agency of electricity is quite as simple as 
the processes already described, although greater care is necessary to 
avoid any loss of the precious metal A smaU bit of ^old is dissolved 
in a mixture of three parts muriatic acid and one of nitric acid, which 
forms the chloride of gold. This is then digested with an excess of 
calcined magnesia, and the gold is precipitated as an oxide of the metal; 
the latter is collected and washed, and then boiled in strong nitric acid 
to remove the magnesia clinging to it, and being again thoroughly washed 
with water, is dissolved in a solution of cyamde of potassium, forming 
a solution of cyanide of gold and potassium, which may be placed in 
the porous cell of the single cell arrangement already described in 
the Meventh Experiment. 

Fourteenth Experiment, 

The safest and surest mode of making a gilding solution is to dissolve 
some cyanide of potassium in water in a gallipot, and having placed a 
porous vessel therein containing the same solution, put a plate of copper 
into the porous cell, and some thin foil of pure gold into the gallipot ; 
connect the gold with the anode of a single ecu of Daniell, and the 
copper in the porous cell with the cathode, and in a few hours sufficient 
golQ will be dissolved for the purpose of gilding. 

It is usually recommended to warm the gilding solution till it reaches 
a temperature of about 150° Fahr., and a very moderate battery power 
is employed in Electro Gilding Indeed the same arrangement, shown 
in the Eleventh Experiment, ±^g. 189, will also answer K>r the gilding 
solution. After bemg gilt, the articles may be rubbed with a little 
tripoli, or burnished (with taste) by the handle of a key. 

Fifteenth Experiment, 

Passing on to the more brilliant results obtainable from a powerful 
voltaic battery (of at least thirty pairs of Grove), the beautiftd incan- 
descence of pmtmum wire may first be noticed. If a wire of this metal 
is stretched oetween the brass standards of two ring stands, the length 
must be proportioned to the power of the battery ; the adjustment can 
be made very conveniently by twisting the platinum wire on one ring 
stand, and then leaving the other end loose, the second ring stand may 
be brought nearer and nearer to the first, until the desired intensity of 
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Pig. 190. ▲ ▲. Two ring ttands with the battery 
wires b b (which should be a conTenient length) at- 
tached, c. Platinum wire, fixed end. d. The other 
end held in one hand and Bh(»iened as the stand is 
morad bj the other hand. 



li^ht from the incandescent 
wire is obtained. (Fig. 190.) 
If the wire is contained in 
a glass tnbe the cooling 
effect of currents of air is 
prevented, and a much 
greater length of wire can 
be made hot. 

Sixteenth Experiment. 

With the same arrange- 
ment, a chain composed of 
alternate links of silver and 
platinum wire presents a 
very pretty ettect, every 
alternate link of platinum 
bein^ incandescent whibt 
the silver, from its excellent 
conducting power, remains 
comparatively cool. 

Seventeenth Experiment. 

Fireworks or gunpowder, arranged 
in proper cases, are fired at a great 
distance from the voltaic battery by 
heating a thin iron or platinum wire 
contained within them by the pas- 
sage of the electricity; and sub- 
marine and other explosions of gun- 
Eowder by the same agency have 
ecome a common engineering ope- 
ration. (Fig. 191.) 

During the operation of blasting 
the hard marl rocks in the Biver 
Severn by Mr. Edwai-ds, C.E., a 
number of holes were made side by 
Pig. 191. A. A Gerb firework with two side in the bed of the river, and 
SSrirSISSf w^S^ ^ttf cartridges fom«^ of strong duck or 

battery wires tied to the oatside of the case, canvas, tapered at the bottom, 

c. A g^tWadder containing ijetMnj^ ^erc filled with charges of powder 
and powder for a Buniatnre snbmarmo - x j. ^ &*^ ^ ir»#w«*A 

expLoSoD. f^™ ^^o ^ ^^^^ pounds, accord- 

ing to the depth of the marl; 
thus, two pounds for four feet, three pounds for four feet six inches, and 
four pounds for five feet. Into the bag were conveyed the wires of the 
voltaic battery, or Bickford's fuse, and being then coated vnth pitdi and 
tallow, and finally greased all over and dusted with whitening, ther 
rarely failed, and were all fired simultaneously under water. The pitch 
and tallow first, and afterwards the simple tallow, effectually exduded 
the water from the gunpowder contained in the canvas bag. 





THE ELECTBIC LIOHT. 

^Kteenlh Experimenl. 
The borning of Tarions 
metals by the batteir is 
dispJajed with great effect 
bj De la Rne'a discharger, 
as also the incandescence 
of the charcoal points pro- 
duein^ the eltetrie hgU, 
liie illimiinatiug power 
derired from a fortj*ell 
Grove's battery of the or- 
dinarj size is about eooal 
tothelightof500( 
Fizeau and F 
have made a careful C' 
parison of the light ob- 
tained from 92 carbon couples as arraneied in a Bonsen's batterv, and 
of the OEJ-bydrogen, or Drummond Light, as compared with tliat of 
the snn, and thej state that " On a clear August day, with the sun two 
hours high, the electric light (assuming the sun as unit;) bore to it the 
ratio of one to two and a half— >'.«., the sun was two and a half times 
more powerfol, while the Dmmmond Light was onlj jtith that of the 
suD." Eunsen found the light from 4S carbons equal to 57S candles. 
In Bunsen'a batterj carbon la substituted for the platinum in Grove's 
arrangement; and simullaneoosl; with Bunsen, Cooper (in En gl a n d) 
bad applied charcoal for the game purpose. 

At night the giant ship (Foljpbetnus like) is to have an electric light 
at the masthead whilst steaming across the Atlantic. 




jTtat futon, with ilHtrle light.' 
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CHAPTER XV. 

HAONEIIBH AND ZLECTBO-lUGHKTUlf. 

If a smnll helix, or coil of covered wire, is uraiigeil with an mimag- 
netized steel needle mthiu it, so that the discharge of & lai^ Lejden 
jar ma J take place 
B B throagh the coil, the 

iieedle will be foimd 
Btronglj magnetic af- 
ter the discnarge of 
the electricity. (Pig. 
194.) Many years 
before this was 
known, it had been 
noticed that when a 
ship waa struck hy 
lightning, the com- 
pasBes were generally 
■ reversed j and in a 
^ special case, where a, 
"T house was struck, the 
electricity entered a, 
^■i^ ■*„*-. * S'^,^** rappnrttd on two nprighti of l^j^ of knives, f ining 
thttwUisi. D.N«dl«ta^M)«iiiddegliutDbe. some, teanng the 

handles oS others, 
bat leaving them strongly magnetic ^Electricians tried t« repeat the 
effect by sending the disduuge of powerful Leyden batteries tbroogh. 
bars of steel withont any important result ; and it was not until 
Oersted, in the year 1S19, made his important discovery that the copper 
wire conveying the eleetricity possessed peculiar magnetic power, tnat 
the prindple began 
to be nuderstood, and 
then the electricians 
BDCceeded in imitat- 
ing the effects of 
li^tning on steel, as 
aueady described in 
the beginning of thi^ 
- chapter. (Fig. 194.) 
^ When the electri- 
' dty has passed away 
="^«. from the Leyden jar 

Tig.iti. through the ctul of 
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copper wire, it no longpr possesses any power to affect a piece of steel 
or iron, bat if the wires of the voltaic bsitteiy are now coimected with 
the coil of copper wire, which should be covered with cotton or silk, 
and manj janls in length, then a bar of steel or soft iron is not only 
rendered magnetic, bnt remains permanenlly so, as long as the current 
of electricity continues to pass along the coil of wire, so that if some 
nails or iron filings are brought to the bar of iron, one end of which 
projects from the coil, they clmg to it with great force, and a great 
number of nails may be hung oa iu this manner, but th^ imme- 
dktely fall off when the contact is broken with the battery. (I)g. 195.) 
Electricity thns becomes a source of magnetism, and tne discoverer. 
Oersted, found that only needles or bars of steel or iron were thus 
affected, and not those of brass, shell-lac, solphur, and other substances ; 
he termed the conducting wire " a conjunctive wire," and described the 
effect of the electric current or "eledrie etmfiict," as be called it, as 
resembling a Helix (from ikixrxro, to turn round; a screw or spiral), and 
that it is not confined to the conducting wire, but radiates an infiuence 
at some distance. This latter statement is exactly in accordance with 
our present notions, and hence the coil conveving the current is said to 
induce magnetism in the iron or steel, jnst as the phenomena of induction 
are produced with frictional electricity. The effect of Oersted's disco- 
very, says Silliman, was truly electric; the scientific world was ripe 
for it, and the truth he thus struck out was instantly seized upon by 
Arago, Ampfere, Daiy, FaradaT, and a crowd of philosophers inall coun- 
tries. The activity with whicb this new field of research has been cul- 
tivated, has never relaxed even to this hour, while it has borne fruit in 
a multitude of theoretical and practical truths, and above all, in the 
eiectro-magnetic teleCTaph, trul^ called, and especially in couneiion 
with the Atlantic telegraph wire, " the grett iniemaliimal nerve of 



Magnetism is not only the result of a current of electricity through 
any good conductor, but there are certain 
oxides of iron, called ma^etic iron ores, 
■which have the property of attracting iron 
filings, and are mostly found in pnmitive 
rocks, being abundant at Boslagen, in 
Sweden, and called the loadstone, ttwa its 
always pointing, when freely suspended, to 
the Pokr, North, or Load Star. It a tole- 
rably large specimen of this mineral is eio- 
mined, there will be found usually iwo points 
where the iron filings are attracted in larger 
quantities than in other parts of the same 
specimen. These attractive points are called 

poles and the loadstone Vtng Pi^perly n^. ««. a ,^,4^™. 
moanted with soft iron bars, termed cheeks, maimted in brui « iUtr, 
bound round it (in old-fashioned loadstones) J|^|Jj* '™!|.h''^ V "k 
with silver plate and dulv ornamented with iron i jiediiu rauitu^ 
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engraving, has its magnetic power greatly increased, and is then said to 
be endowed with magnetic polarity; and to prevent the loss of power, a 
soft piece of iron, called the armature, is placed across and attracted 
to the poles of the loadstone. (Fig. 196.) 

Second Erperimeni. 

If a Yieedle of tempered steel (fitted with a little brass cap in the 
centre to work npon a point) is nibbed with the loadstone in one direc- 
tion only, it is renderea permanently magnetic, and will now be found 
to take a certain fixed position, pointing always in a direction due north 
and south. The end which points towwls the north is called the north 
pole, and the other extremity the south pole, and it is usual to mark 
the north pole with an indent or scratch to distinguish it at all times. 

Tkird Experimeni, 

If another bar of steel is magnetized, and the north pole duly marked, 
and then brought towards the same pole of the suspended mi^et, in- 
stant repulsion takes 
place; the magnet, of 
course, grasped in 
the lumd is not free 
to move, but the 
small magnet imme- 
diately snows the 
same fact noticed 
wiUi electricity, viz.. 
Fig. 197. A manietio needle, fhe north pole v betogr at- ««/j|^ similar moffne- 

tracted to the south pole of the bar magneto and repelled from .. /» n\,^^ 

the north end. o -. *~ ^^^^^^^ ,^^^ j^y^^ 

noi th poles repel each 
other, but when the bar of steel is reversed, the opposite effect occurs, 
and the suspended magnet is attracted, showing that dissimilar mag- 
netisms attract^ and a north will attract a south pde. (Fig. 197.) 

Fourih Experiment. 

By contact, the magnetic power is transferred from the magnet to a 

piece of unmagnetized 
steel, and it is stated 
that the highest magnet- 
izing ^ect is that pro- 
duced by the simple me- 
thod of J acobi. A horse- 
shoe magnet has its poles 
brought in contact with 
_...,,,^ the intended poles of an- 

Pig. 198. The horte-ahoe magnet, and another one other bar of steel, like- 

nnmagnetized, placed end to end; the one shaded and ^^rise bent in the lOrm 

lettered ir and a is the magnet, a a. The piece of soft . horaeahoc. and bv 

iron moTtd hi the direction of the arrow. 0* » noraeauwi ««* mj 
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drawing the feeder over the unmagnetized hoTse-shoe in the direction of 
the arrow in the cut, and when it reaches tlie curve, bringing it back 
seain to the same place, saj at least twelve times, and after turning 
the whole over without separating the poles, and repeating the same 
operati'm on the other side likewise twelve times, the steel is then 
powertnJl; magnetized ; and it is said that a horseshoe of one pound 
weight may be thus charged bo as to sustain twenty-six and a half 
pounds, and that bj the old method of magnetizing it would only have 
sustained aboattwentj-two pounds. (Fig. 19S.) 

F^A ExptrimaU. 

If the borse-shoe magnet is placed on a sheet of paper, and some iron 
filings ore dusted between the poles, a very beautiful series of curves are 
formed, called tbe magnetic curves, which indicate the constant passage 
of the magnetic power from pole to pole. 



The magnetic force 
exerted by a horse- 
Bhoe-shaped piece of 
soft iron, surrounded 
with many strands of 
covered copper wire 
in short lengths, is 
eitremelj powraful 
(Fig. 19^, and enor- 
mous weights Lave 
been supported 1)y an 
electro-magnet when 
connected with a vol- 
taic battery. Sup- 
posing ft man were 
dressed in complete 
armour, be micht be 
held by an electro- 
magnet, without the 
power of disengaging 
himself, thus realiz- 
ing the fair; story of 
the bold kmght who 
was CAoeht I^ a rock 
of loadstone and, 
in full armour, de- 

twned by the nu- i^im. t p™r(bi«lMtio.Bu™ti«pi 
Lciendly magician. viigfab s. Tb* Mucj- 
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Smmth Eiperimeiit. 

When a piece of soft iroa is beld snffidently near one of the poIe» 
of B powetral magnet, it becomes b; induction endowed with magnetic 
poles, and will support iinother bit of soft iren, such as a nail, brongkt 
in contact with it. Whea the magnet is removed, the inductive action 
ceases, and the soft iron loses its ma^etic power. This eipenment 
affoids another example of the connexion between the j^enomena of 
elBctricit; and raagnetism. It is in consequence of the indncttTC action 
of the magnetism of the earth that all masses of iron, especiaily 
when thej are perpendicular, are found to be endowed with magnetio 
polaritr ; hence the reaction of the iion in ships upon the compasses, 
which nave to be loirected and adjusted before a vojage, or else serions 
errors in steering the vessel woold occur, and there is no doubt that mau; 
shipwrecks are dne to this cause. No other metals beside iron, steet 
nickel, cobalt, and possibly manganese, can recdve or retain magnetism 
after contact with a magnet. 

The lemailuible effect of magnetism upon all matter, so ablj investi- 
gated by Paradaj and others, mil be explained in another pi^ of this 
book — vis., in the article on Dia-Magnetism. 



Flg.«n. JIi«lriBii>ikl1ii>lo>diton*.KH:l[.— VMuIWjrlUK 
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CHAPTER XVI. 



ELECTBO-HAGinSTIC MACHINES. 



The experiments already described in illustration of some of the phe- 
nomena of electro-magnetism are of such a simple nature that they 
may be comprehended without difficulty ; but it is not such an easy 
tasK to appreciate the curious fact of an invisible power producing 
motion. It has already been explained that a copper or other metallic 
wire conveying a current of electricity becomes for the time endowed 
with a magnetic power, and if held 
above, or below, or close to, a sus- 
pended magnetized steel needle, 
affects it in a very marked degree, 
causing it to move to the right or 
left, according to the directum of 
the electric current ; and in order 
to form some notion of the con- 
dition of a metallic wire whilst the 





^ 
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electncity is passmg through it, pi^ ^Ol. Portion of a square copper con- 

the annexed oiagrams may Be re- doctor, fa which a b represents the direction 

f <*rrpd f o rFi^^Qm 202 1 of the electricity, and the smidl arrows, o c o o, • 

leirea lO. {£ Igs. 3SU1,^U^.; ^^ magnetic current or whiri at right angles 

Dr.Hoget says: "The magnetic to the electrical enirent» and exendaing a 
force which emanates from the elec- tangential action, 
trical conductmg wire is entirely 
different in its mode of operation 
from all other forces in nature with 
which we are acquainted. It does 
not act in a direction parallel to ^„ 203. A round conducting wire, in 

that of the current which is pass- which the electrical current is flowfag fa tha 
inff along the wire, nor in any plane directirai of the larw dart a b. wd the small 
*«g <««/ g w ^ ^^f X J. - TtJ r"*"*' arrows indicate the direction of the magnetio 
passing through that direction. It force. 
IS evidently exerted in a plane per- 
pendicular to the wire, but stiU it has no tendency to move the poles of 
the ma£^et in a right or radial line, either directly towards, or directly 
from, the wire, as in every other case of attractive or repulsive a^ncy. 
The peculiarity of its action is that it produces motion in a circular 
direction all round the wire — ^that is, in a direction at right aneles to 
the radius, or in the direction of the tangent to* a circle described round 
the wire in a plane perpendicular to it ; hence the electro-magnetic force 
exerts a tangential action^ or that which Dr. Wollaston called a vertigi- 
nous or whirling motion. 

p2 
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Dr. Faraday concluded that there is no real attraction or repulsion 
between the wire and either pole of a magnet, the action which imitates 
these effects being of a compound nature ; and he also inferred that the 
wire ought to revolve round a magnetic pole of a bar magnet, and a 

magnetic pole round a wire, 
if proper means could be de- 
vised for giving effect to 
these tendencies, and for 
isolating the operations of a 
single pole. For the first 
idea of electro-magnetic ro- 
tation theworld is indebted to 
Dr.Wollaston; but Dr. Fara- 
day, with his usual ingenuity, 
was the first who carried out 
the theory practically. The 
rotation of a wire (conveying 
a current of voltaic electri- 
city) round one of the poles 
^ of a magnet is well displayed 
with the simple contnvauoe 
devised by him. (Fig. 203.) 
By a careful observation of 
the complex action of an 
electrifiea wire upon a mag- 
netic needle. Dr. Faraday was 
enabled to analyse the phe- 
nomena with his usual pene- 
tration andexhaustive ability, 
and he found, as Danidl 




Tig, 203. y. A small bar magnet cemented into 
ft winefflaaa, the north pole being at v. a is a 
moTeabie 



wire looped over the hook, which is the 

XKwitiTe ( +) pole ox the battery ; the firee extremity rAlofAa .. 

rotates ronna the pole of the magnet when the cor- '^^*'^^> 

rent of electricity passes. The dotted line repre- « mv j. i# xu ^ ..j^a :■ _» i 

sents the level of the mcroury which the glass con- , Th»t if the electrified wire is 

tains. The electricity passes in at ▲, and out at V^Md Ui a pcrpendic^ pwition. 

the wire B, as shown by the arrows, c is connected »nd made to approadi towards one 

with the negative, and d with the positive, pole of ?? -«SLl?t2!!2!ii^ 5?iii!!!? w^ 

the battery. " "*" ' * ■«- — 



will make an effort to pass off on 
one side in a direction dependent 
upon the attractive or repulsive power of the pole ; bat if the wire be oontinaally made to 
M>proach tb.e centre of motion bv either the one or the other side of the needle, the toa- 
dency to move in the former direction will first diminish, then become nnll, and nlti- 
xoately the motion will be reversed, and the needle will principallv endeavour to pass in 
the opposite direction. The opposite extremity of the needle wul present similar phe* 
nomena in the opposite direction ; hence Dr. Fsraday drew the conclusion that the direc- 
tion of the forces was taiigeutial to the circumference of the wire, that the pole of ttie 
needle is drawn by one force, not in the direction of a radius to its centre* but in that of 
a line touching its circumference, and that it is repelled by the other force in the opposite 
direction. In this manner the northern force acted all round the wire in one diriection, 
ond the southern in the opposite one. Each pole of the needle, in short» wpeared to have 
a tendencnr to revolve round the wire in a direction opposite to tiie otoor, and, cons^ 
ouentiy, the wire round tiie poles. Each pole has the power of acting upon the wire by 
itsdf^ and not as connectea with the opposite pole, and th« aapateni aUraeiiimt and 
remdHimi are merely exJUMioM of the revolving moiknu in dmorent parts of their 
dndea.** 



Faraday's experiments. 
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The same fact il- 
lustrated at Fig. 203, 
is also demonstratedin 
a still more striking 
maimer by means of 
wire bent into a 
reciangolar form, and 
80 arranged that whilst 
the current of electri- 
city passes, it is free 
to move in a circle ; 
and when the poles of 
a magnet are brought 
towards the electrified 
wire, it may be at- 
tracted or repeUed at 
pleasure, ana in fact 

Fig. 204. A A A JL. The rectangolar wire covered with silk DCCOmes a magnetic 
and TanuBhed, one end of which beings pointed, rests on the indicator, and places 
little cup B, connected with a covered wire passine down the u^^xt fit ««.^r„irl «„- 
centre of the brass- support to the binding screw c let into "^^^ V ^^^i^V ^ ^^^ 
ivory, d. The other extremity of the rectangular wire; this pcnded) at right angles 
being covered and varnished, is not in metulic contact with f o ihp maonAfin mpri 
the end b. but is likewise p^ted. and dips into the mercury 'V bttemagneuc men- 
contained in the large cup i b. The upper and lower cups uian. (J! ig. zU4.) 
do not touch, and are separated by ivory, marked by the These CUrious mOYC- 





pole of the battery, and the electricity circulates round the ^f iinrp« ux%f\ mncmAf a 

wire in the direction of the arrows. When a bar magnet^ ir, is ?} ^f^ ^ magneiS, 

brought towards the wire, the latter is immediately set in brought abOUt by the 

motion, and bv alternately presenting the opposite poles of affCnCY of an active 

the magnet, the rectangular wire rotates freely round the ^^ x r i j. • 'j. 

cup b. current of electncitjr, 

have induced Sir David 
Brewster to advance his admirable theory, which supposes the affection 
of the mariner's compass needle, and all other suspended nieces of 
steel, to be due to the agency of electrical currents continually circu' 
lating around the globe; and Mr. Barlow contrived the following expe- 
riment in illustration of Brewster's theory. A wooden globe, sixteen 
inches in diameter, was made hollow, for the purpose of reduciuff its 
weight, and while still in the lathe, grooves one-eighth of an inch deep 
and broad were cut to represent an equator, and parallels of latitude 
at every four and a half degrees each way from the equator to the poles. 
A groove of double depth was also cut like a meridian from pole to pole, 
but only half round. The grooves were cut to receive the copper wire 
covered with silk, and the laying on was commenced by taking the 
middle of a length of ninety feet of wire one-sixteenth of an inch in 
diameter, which was applied to the equatorial groove so as to meet in the 
transverse meridian; it was then made to pass round this parallel, re- 
turned a^ain along the meridian to the next parallel, and then passedround 
this again, and so on, till the wire was thus led in continuation from pole 
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to pole. The length of wire still remaiiiing at each pole was retmned 
from each pole along the meridian groove to the equator, and at this 
point, each wire being fastened down with small staples, the wires from 
the remaining five feet were bound together near their common ex- 
tremity, when they op^ed to form separate connexions for the poles of 
a voltaic battery. When the battery was connected, and magnetic 
needles placed m different positions, the^ behaved precisely as thej 
would do on the surface of tne earth, the induction set up by the elec 
trified wire being a perfect imitation of that which exists on the globe. 

The opposite effect to that 



already described — ^viz., the 
rotation of one pole of a 
mi^et round the electri- 
fied wire, was also arranged 
by Faraday in the followmg 
manner, (fcg. 205.) 

In the examination of the 
magnetic phenomena ob- 
tained from wires trans- 
mitting a current of elec- 
tricity, it should be borne 
in mind that any conducting 
medium which forms part of 
a closed circuit — i.e., any 
conductor, such as charcoal, 
saline fluids, acidulated 
^ water, which form a link 
in the endless chain re- 
quired for the path of the 
electricity, — ^will cause a 
magnetic needle placed near 

Fig. 206. y B. A little magnet floating in mercury it to deviate from its natu- 

oontained in the glass a a; the north pole is aUowed rul nnaifinn 

to float above the surface of the quickaUver, and the raip<>smon. 
south pole is attached to the wire passing tiurough Incse positions of the 

the bottom of the glass Tcssel., The electricity passes electrified wire and the 

in at B, and talong the course mdicated by the arrows ^„ „i,' ji \ 

travels through the glass of quicksilver to the other DiaguetlC needle are of 

pole of the battery at o. Directly contact is made COUrse almost unlimited 

with the battery, the little magnet rotates round the p^d in nrHpr f n n«Qi«i f lia 

electrified wire, w. The dotted line shows the level of *"" "^ "^?®^ ^^ ^^^^ ^'^^ 

the mercury in glass. memory With respect to the 

fixed laws that govern these 
relative^ movements. Monsieur Ampere has suggested a most useful 
riiechanical aid, and he says ;-—" Let the observer regard himself as the 
conductor, and suppose a positive electric current to pass from his head 
towards his feet, m a direction parallel to a magnet; then its north 
pole in front of him will move to ms right side, and its south pole to 
his left. 

" The plane in which the mamet moves is always parallel to the plane 
in which the observer supposes himself to be placed. If the plane of his 
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chest is horizontal, the plane of the nu^ef a motion will be horiioiital, 
bat if ba lie on either aide of the horiaiataUj-siispeiided magnet, his 
face being towards it, the phme of his chest will be vertitnl, and the 
magnet ■iSl tend to move in a vertical plane." 

This veiT lucid comparison will be seen to apply perfectly to the 
direction of the Totstions in Pi^. S03 and 20G. 

The whole of this apparatus is 
made in the most elegant and 
finished manner bj Messrs.Elliott, 
of 30, Stcand ; and by a modi- 
fication of the latter arrangement 
(Fig. 306), the opposite rotations 
of the opposite poles of the mag- 
nets round the electrified wire, are 
shown in the most instnictive 
The ; 



two flat bar magnets doubly bent 
in the middle, and having agate 
«ups fixed at the onder part of 
the bend (bj which they are sup- 
ported) upon npright pointed 
wijes, the latter oeing fixed 

iright on the wooden oase of 

e apparatus, and the magnets 
turn ronnd them as upon an axis. 

Two circular boswood cistems, nflj£;^??i, ■*',^'^i 



Z 



, . . , -1 oreltctridW. a b. The mwMt* b»l«ni»il oa 

contain qmcksilver, are sap- ^oiatt rotafliig tmmd the irim. 
ported upon the stage or shelf 

above the base. A bent pointed wire is directed into the cnp of each 
magnet, the ends of which dip into the meroaTr contained in the box- 
wood circular troughs on the stage. By using ahattery to each magnet, 
and taking care that the currents of electricity flow precisely alike, they 
will then rotate in opposite directions. 

Directly after the ingenious eiperiments of Faraday became known, a 
great number of electro- magnetic engine models were constructed, and 
many thought that the time was fast approaching when steam would 
be superseded by electricity; and really, to see the pretty electro- 
magnetic models work with snch amazing rapidity, it might he suppoaed 
thatiftheTwerecooslrncted on a laiver scale, a great amount of hard work 
«ould be oDtained from them. This idea, however, has been proved to be a 
fallacy, for reasons that will be presentk explained. The figure on p. 916 
dtspLays two of these engines, oue of which represents the rotaljon 
of electro-magnets within iourfieed lUel magnett, and the other the 
rotation of steel magnets by the fixed electro-magneti. The latter 
(No. 2) moves with such great velocity, tliat unless tlie streo^h of the 
battery is carefallyadjastetCtiie connexions are soon destroyed. (Fig. 307.) 
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Rg. IDT.— No. 1 oouliti oT vertical ptmumait atwl niiguti and horiionlal (otl-lnm 
•l«lpo-m»g— '- ->■'-'- —•-•■ 

Considering the prodigious power or jikW of a soft-iron electro- 
magnet, and its capobilitj of supporting cousiderabie vei^bt, the most 
reasonable expectations of success might be entertained with machines 
acting bv tbe dicect onll. It was, however, discovered that the; soon 
became inefficient, from the circamstance that the repeated blows re- 
ceived bf the iron so altered its character, that it eveutuallj assumed 
tbe quality of steel, and had a tendency to retain a certain amoont of 
permanent magnetism, and thus to interfere with the principle of making 
and unmiVing a magnet. It was this fact that indaced Professor Jacob), 
of St. Feteisburg, after a large expenditure of money, to abandon 
arrangements of tnia kind, and to employ such as would e^ once produce 
a rotatory motion. The engine thus arranged was tried upon a tolerably 
large scale on the Neva, and by it a boat containing ten or twelve 
people was propelled at the rate of three miles an hour. 

Various engmea have been constructed bv Watkins, Botta, Jacobi, 
Armstrong, Page, Hjortb ; the engine made oy the latter (Hjorth) ex- 
cited muM attention in 1851-52, and consisted of an electro-magnetic 
Eiston drawn within or repelled from an electro-magnetic cylinder; and 
y tbis motion it was thought that a much greater length of stroke 
eonld be secured than t^ the revolving wheels or discs, but the loss of 
power (not only in this engine, but in others) through space is very 
great, and the lifting power of an; magnet is greatl; reducei and 
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altered at the smallest possible distance from its poles. This loss of 
power is therefore a great obstacle in the wajr of the useful application 
of electro-magnetic force, and can be appreciated even with the little 
models, all of which may be stopped with the slightest friction, although 
they may be moving at the time with great velocity. 

In the second place, supposing the reduced force exerted by the two 
magnets, a few lines apart, was considered available for driving 
machinery, the moment the magnets begin to move in front of one 
another there is again a great loss of power, and as the speed increases, 
there is curiously a corresponding dmiinution of availaole mechanical 
power, a falHng-off in the duty of the engine as the rotations become 
more rapid. In the third place, the cost of the voltaic battery, as com- 
pared with the consumption of coal in the steam-engine, is very startling, 
and extremely unfavourable to electro-magnetic engines. 

Mr. J. P. Joule found that the economical duty of an electro-magnetic 
engine at a given velocity and for a given resistance of the battery is 
proportioned to the mean intensity of the several pairs of the battery. 
With his apparatus, every pound of zinc consumed in a Grove's battery 
produced a mechanical force (friction included) equal to raise a weight 
of 331,400 pounds to the height of one foot, when the revolving magnets 
were moving at the velocity of eight feet per second. Now, the duty of 
the best Cornish steam-engine is about one million five hundred thousand 
pounds raised to the height of one foot by the combustion of each pound 
of coal, or nearly five tunes the extreme duty that could be obtained 
from an electro-magnetic engine by the consumption of one pound of 
zinc. This comparison is therefore so very unfavourable, that the idea 
of a successful application of electricity as an economic source of power, 
is almost, if not entirely abandoned. 

By instituting a comparison between the different means of producing 
power, it has been shown that for every shilling expended there might be 
raised by 

PonndB. 

Manual power . . . 600,000 one foot high in a day. 

Horse 3,600,000 

Steam 56,000,000 

Electro-magnetism . 900,000 






A powerful magnet has been compared to a steam-engine with an 
enormous piston but with an exceedingly short stroke. Although 
motive power cannot be produced from electricity and applied success- 
fully to commercial purposes, like the steam-engine, yet the achievements 
of tne electric teleffrapn as an application of a small motive power must 
not be lost sight ot, whilst the tall of the ball at Deal and other places, 
by which the chronometers of the mercantile navy are regulated, as also 
the means of regulating the time at the General rost Omce and various 
railway stations, are aU useful applications of the power which fails to 
compete in other ways with steam. 
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CHAPTER XVII. 

THE ELECTBIC TELEGBAFH. 

The engineering and philosophical details of this important instrument 
have grown to such formidahle dimensions, that any attempt (short of 
devoting the whole of these pages to the subject) to give a full account 
of the history and application of the instrument, the fauures and successes 
of novel inventions, and the continued onward progress of this mode 
of communication, must be regarded as simply impossible, and there- 
fore a very brief adcount of the jprincijple only will be attempted in these 
pages. 

jFor the complete history of the discovery and introduction of the 
principle of the Electric Telegraph the reader is referred to the Society 
of Arts Journal (Nos. 348-9, vol. viii.), where it is stated that it is ha^ 
a century, dating from August, 1859, since the first galvanic telegrapth 
was made. "It was the Russian Baron Schilling's electro-magnetic 
telegraph which, without its being known to be his, was brought to 
London, and caused the establislmient of the first practicallv useful 
telegraph lines, not only in Great Britain, but in the world." Dr. 
Hamel says : " The small sprout nursed on the Neva, which had been 
exhibited on the Rhine, and thence brought to the Thames, grew up 
here to a mighty tree, the fruit-laden branches of which, along with 
those from trees grown up since, extend more and more over the lands 
and seas of the Eastern hemisphere, whilst kindred trees planted in the 
Western hemisphere have covered that part of the world with their 
branches, some of which will, ere long, be interwoven with those in our 
hemisphere." 

The first telegraph line in England was constructed by Mr. CJooke 
from Paddington along the Great Western Railroad to West Drayton 
in 1838-39 ; and it must be remembered that it was in February, 1837, 
that Mr. Cooke first consulted Professor Charles Wheatstone, having 
previously visited Dr. Earaday and Dr. Roget, and on the 19th 
J^ovember, 1837, a partnership contract was concluded between Messrs. 
Cooke and Wheatstone. 

To the distinguished philosopher. Professor Wheatstone, the merit of 
the ingenious construction of the vertical-needle telegraph is due; 
whilst Mr. Cooke's name will always be associated with toe practical 
establishment of the first telegraph lines in England. The first line in 
the United States, from Washington to Baltimore, was completed in 
1844, being arranged and worked by Professor Morse. 

In British India, in April and May, 1839, the first long line of 
telegraph, twenty-one miles in length, and embracing 7000 feet of 
river surface, was constructed by Dr. (now Sir William) O'Shaughnessy. 
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The constraction of the electric telegraph may be considered under 
three heads : 
1st. The Battery, the motive power. 
2nd. The Wires, the carriers of the force. 
3rd. The Instnunents to be workea— ^A^ bell and the needle telegraph. 

THE BATTERY. 

The constraction and rationale of the batteries generally in use have 
been explained in another part of this work ; those used for telegraphic 
porposes consist of one or more couples, of which zinc is one, the second 
oeing copper, silver, platinum, of carbon. Each couple is termed an 
element, and a series of such couples a battery. 

The batteries employed chiefly on the English lines consist of a plate 
of cast-zinc four inches square and -^ths of an inch thick, attached by a 
copper strap one inch broad to a tmn copper plate four inches square. 
The zinc is weU am^amated with mercury. Twelve of these couples 
are arranged in a trough of wood, porcelam, or gutta-percha, dividea by 
partitions into twelve water-tight cells, IJ inch wide. The zinc and 
copper preserve the same order and cUrection throughout, and when 
arranged, the trough is filled with the finest white sand, and then 
moistened with water previously mixed with five per cent, by measure of 
pure sulphuric acid. This mode of applying the acid is the clever prac- 
tical improvement of Mr. Cooke, and prevents any inconvenience from 
the spilling of the acid, and at the same time renders the battery quite 
portable. The voltaic arrangement thus prepared is found to remain 
in action for several weeks, or even months, with the occasional addition 
of small quantities of acid, and answers well for working needle tele- 
graphs in fine and dry weather. In fogs and rains, at distances ex- 
ceeding 200 miles at most, their action is not so perfect, and a vast 
number of couples must be employed, 144 to 288 being frequently in 
use. In Erance, Prussia, and America^ sand batteries do not appear to 
answer, and Darnell's arrangement is preferred. Sixty couples simce in 
France for some of the long lines — ^viz., from Paris to Bordeaux, 284 
miles ; Paris to Brussels, 231^ miles ; and in fact, the advantages of 
the DanieU's battery have become so apparent, that they are now being 
used on English Imes. In Prussia, !Bunsen's carbon battery is much 
used ; in India, a modification of Grove's battery is preferred, the zinc 
being acted upon by a solution of common salt in water. Two of these 
elemnts were found sufficient to work a line of forty miles totally un- 
insulated, and including the sub-aqueous crossing of the Hooghly River, 
6200 feet wide. 

The continual energy of the battery, whatever may be its construc- 
tion, depends on the circulation of the electricity, tne object bein^ to 
pass the force from the positive end of the series through the wires, 
back again to the ne^tive extremity of the voltaic serie». 

The wire (the earner of the force) must be continuous throughout, 
unless, of course, water or earth forms a part of the endless conducting 
chain. 
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These roida for the electricity maj be of anj coaveuient met&l, and 
the oue pieferted and used is iion, which ia well calculated from its 
great t«nscit; (being the most tenacious metal knownj and cheapness 
to convey the electricity, al- 
though it is not such a good 
conductor as copper, and 
offers about six tunes more 
tvsistanoe to the flow of the 
cnirent thanthe latter metaL 
The wire does not appear to 
be made of iron, oecanse 
it is galTsnized or passed 
tluougli melted zinc, which 
coats the surface aoddefendi 
it from destructiTe rust, 
at the same time does not 
destroy its Tslnable property 
of tenacity or power of re- 
sisting a strain. About one 
ton oT wire is required for 
evNj fire miles, and to sup- 
port this weight, stout posts 
of fir or larch are erected 
about fifty yards apart, and 
from ten to tweuty-flTC feet 
high. Atevervqaarler 
mue, on manyiines, are 
^ straining- posts with 
^ ratchet wheel winders, 
for ti 



n«.!oe. wtHaf 




Xig.109, Okik*! lunlitiiT. 



„ the 

_._ icofthe 

tines the wires are at- 
tached to the posts by 
side brackets canyinf 
the inaolatora inTcnted 
by Mr. C. V. Walker, 
which are composed 
of brown saltgla/ed 
stonewsre of the Doar- 
\ glass shape, as shown 
i m the drawing. (Fig. 
308.) 

l^ere are some ob- 
jections to the how- 
gJsss iusuUtors, and 
they have been modi- 
lied by Mr. Edwin 
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Clark, who employs a very strong stone-ware hook open at the side, 
so that the wire can be placed on the hook without threading, and the 
hooks can be replaced in case of breaking, without cutting the tele- 
graph wire, whicn is securely fastened to each insulator by turns of 
thinner wire. An inverted cap of zinc is used to keep the insulator 
dry. (Fig. 209.) 

In Induk the conductor is rather a rod than a wire, and weighs about 
half a ton per mile ; it is erected in the most substantial manner, and 
many miles of the rod are supported on granite columns, other portions 
on posts of the iron-wood of Arracan, or of teak. 

The number of wires required by the electric telegraph often puzzles 
the railway traveller, and people ask why so many wires are used on 
some lines and so few on otners ? The answer is very simole : they are 
for convenience. Two wires only are required for the double needle 
telegraph, and one for the single needle instrument. But as so many 
instruments are required at the terminal stations, an increased number 
of wires, like rails for locomotives, must be provided; thus, on the 
Eastern Counties, seven wires are visible, and are thus employed. The 
two upper wires pass direct from London to Norwich ; the next pair 
connect London, Broxbourne, Cambridge, Brandon, Chesterfield, Ely; 
the tliird pair all the small stations between London and Brandon; and 
the seventh wire is entirely devoted to the bell. 

If the earth was not a conductor of electricity, and emploved in the 
telegraphic circuit, four wires would be required for the double needle 
telegraph, and two for the single instrument. To understand this, let 
us suppose a battery circuit extending from Paddington to the instru- 
ment at Slough, and the wire returning from Slough to Paddington, it 
is evident that one wire would take the electricity to Slough, and the 
other return it to London, as in the diagram below. (Fig. 210.) 




LOKMK SLOOGH 

Fig. 210. A. The battery, b. The uBtruiuent The arrows show the passage of the 
electridtr to the shigle needle telegraph hutnunent by one wire, and the retnm current 
by the other. 

If the whole of the return wire is cut away except a few feet at each 
end, which are connected by plates of copper with the damp earth, the 
current not only passes as before, but actu^y has increased in intensity, 
and wiU cause a much more energetic movement of the needle in the 
telegraph instrument. (Fig. 21l!) These plates are called "JEarth 
Fhtes ;" and Steinheil, in 1837, was the first who proved that the earth 
might perform the function of a wire. 



222 



boy's playbook of bcience. 




Fig. 211. ▲. The battery, b. The instmment. c. Earth plate at Slough, s. Earth 
plate at Londoiu The arrows show the direction of the electric current. 

It must be obvious that a message may be received at any station 
without a battery, but iu order to be able to return an answer, every 
station must have its own battery. 

Ingeniously-constructed lightmng-conductors are att<ached to the posts 
which carry the wires, so that in case of a storm, the natural electricity 
is conveyea to the earth, whilst the voltaic electricity artificially pro- 
duced pursues its own course without deviation. Protectors are also 
required for the instruments at the stations, and the plan devised by 
Mr. Highton is thus described by the inventor : — 

" A portion of the wire circuit — say for six or eight inches — ^is enve- 
loped in blotting-paper or silk, and a mass of metallic filings, in con- 
nexion with the earth, is made to surround it. This arrangement is 
placed on each side of the telegraph instrument at a station. When a 
flash of lightning happens to be intercepted by the wires of the tele- 
graph, the myriads or infinitesimally fine points of metal in the fiUngs 
surrounding the wire at the station, on having connexion with the 
earth, at once draw off nearly the whole charge of lightning, and carry 
it safely to the earth." 



TBE nrSTBUMENTS TO BE WOBKED— THE BELL AND THE TELEGBAPH. 

The bell or alarum resembles in construction that of an ordinary 
clock, and is in fact a piece of clockwork wound upaiid ready to ring 
a bell, when the detent or preventive is removed. The detent is con- 
nected with a piece of sort iron placed before an electro-magnet, and 
directly the current passes, the electro-magnet attracts the soft piece of 
iron attached to a perpendicular lever which the bell-crank lever rests 
upon ; the detent is removed, and the bell rings, and again stops when 
the current of electricity ceases to pass. 

One of the most simple alarum clocks is a common American clock, 
wound up daily. A small electro-ma^et surrounded with thick wire 
is placed below a moveable piece of tinned iron, so that when this is 
attracted^ the fly of the dock is released, and its bell tolls unceasingly 



THE BELL OR ALA&UM. 



while the taa^et ia excited. Thia 
arrangement is emplojed bj Sir W. 
O'Sbaughness; in the Indian tele- 
graph tptoD. (Fig. 313.) 

It will reodil; be comprebended 
from thia deeciiptionthat the alamm 
ia aonnded by □idinary niechamam, 
and that the dutj of the current of 
the electricitj is simply comprised in 
the aet of removing the lever and 
liberating machinery, wbich may be 
]aigc or small; and if it were 
thought ueceasary, the belle of the 
greai clock-tower of the Houses of 
ParliaiQeDt, which chime the quar- 
ters, or even "Bi^ Ben" himself 
(when his constitution is restored), 
could be mug by a person at lock 



magnet with a detent mechanism 
for the bells, were properly arranged 
and connected with the clock- 

Walker states that a smgle aud dis' ubsncca the detoit 
tinct wire is used for the bell only, 

with bis Bpecial mechattigm, called the rixging ia/. If the bell was al- 
ways on the same wire as the needle-coil, the belTwonld not only call the 
attention of, but seriously annoy the clerk (unless, of' course, he hap- 
pened to be a very deaf Person) by its ringing whilst he was reading 
the signals of the needle. The nuisance is prevented by what is termed 
joining over or making the ihorf eircmit — m fact, by providing for the 
current a shorter and much more capacious road to the needle coil than 
by going through that of the bell-magnet, which is made with very 
fine wire ; aud the control of the short circuit is put in the handa 
of the clerk. 

COOKS Aim wheitstone's double needle telegxafh. 

The principle of this instmmeut, as already expluned, is involved in 
the element{U7 experiment of Oersted — viz., the deflection of a mag- 
netic needle from the inside of a coil of wire conveying a 
current of electricity, aud as it is diScolt to give a good de- 
scription and drawing of the interior of the instrument that can 
really be understood, it may be suffieieut to state that the handles 
give the operator the power of reversing the current of electricity, 
so that the iieedles are deflected wiu the utmost certainty to 
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one side or the other, either aepiiratelj or simaUanBOosI;. (Fig, 
213.) 



Fig. tlS, TbM lettsi of the dphiibfl^ Dgnna, and i nfielr of conventJcfflll rigntit, in 
IiidkiM bylhs tiogl* ndoomebwd moTementi of tfa« DMdlei od His did. TheMI- 
lund uedla moTliig onn to Uu leR Indlcat** tli* +,whiehlaslTaiittlH«d of (word. 
TwlMlntli«naMinv,j.i tliriiia,i|fintrlchl,lli«iile(l.oith*nnn^>. Owsdinet 
to the dgb^ s; twtot, >t ouioite. In the nnu ordar •rilta the otlHr nsedla for b,i.i; 
I, v. T. o, ■. The dguli balow the omtn of Qi> dlil m indioilBl bj the panlld moi 
awcti of Iwith nwilM rtmHltMiwmlj. Both neodlai morlnc onea to Uu left Indlote i 




a3l!'!c3i5 . . 

..._._-_ . .1 • — *Tnr««lo1«ttm«l«B0«i»dlHgi»tngtI 

, Euh mwd le lotauwledgid. If th. ..„, _. 

*t«i>d,begfTM>; If not, the +, In whkh one the word linpeited. AttantloD to ■ oon- 
■noDioUlon bj thle loitraniait l< Mllod In the il^ltOK oT ■ bell (oT dt iIh), ohldi li 
effintodlliroiifhtbeigaiejDfiD eleotrlo comnt The nppn cue ooDtiJtu the Mil. 

Sir W. CShanghnMSj, in his excellent waA on tbe electric teltgnph 
'n British India, ^?es a description of a telegraphic instmment of re- 
— ^t-ui. -impUoity, which is sdccesafollj emplojed in Ind^ aiid u 
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higfaljr spokeil of by Mr. E. Y. Walker and other gentlemen practicallj 
acquainted with the working of telegraphs. It consists of a coil of fine 
wire on a card or ivory frame, a magnetic needle with a li^ht index of 
paper pasted across it ; two stops of thin sheet lead to Hmit the vibra- 
tions of the index ; a supporting ooard eight inches square, and a square 
ci glass in a frame of wood, or a common glass tumbler placed over it as 
a shade, to prevent the index bein^ moved by currents of air. It is 
stated that the office boys, with the assistance of a native Indism 
carpenter, make up, these telegraphs at . a price not exceeding two 
shilling each. 

In England of course thev would be more expensive ; but the 
simplicity and perfection of tne arrangement are so much to be com- 
mended that we give the details for the benefit of those boys who might 
wish to establish a telegraph on a small scale for amusement. 

THE VBAME. 

This is a piece of mahogany eight inches square and one inch thick, 
with a hollow eroove cut in its centre two inches and a half long, half an 
inch wide, ana a quarter of an inch deep ; a ledge of the same wood 
one inch wide and naif an inch deep surrounds the frame, leaving the 
inner surface seven inches square ; this is stained black with ink to 
make the motions of the index more conspicuous. 

IBS COIL. 

This consists of fifty feet of the finest 8ilk-c(#ered copper wire wound 
on a frame of card two inches long, half an inch broad, three-eighths 
deep in the open part. 

An edge or flange of card, three-eighths of an inch wide, is attached 
to it at each side to keep the wire in its place. The frame may be of 
thin wood or ivory, ana the winding of the wire commences at the 
lower left comer, and it is coiled from left to right, as the hands of a 
watch would move in the same plane. (Fig. 214.) 




Fig. 214. TheooiL 

Two inches of each end of the coil wire are now stripped of their silk 
covering by being rubbed with sand-paper. The coil is mounted in the 
frame by mserting its lower edge or nange in the groove, so that the 
lower purt or floor of the inside of the coil is level with that of the 



226 



BOT's PLA.YBOOK OF SCIEKGE. 



frame, as shown below, and it is now ready to receive the magnetized 
needle. (Eig. 215.) 




Fig. 216, The coil fitted into frame. 



THE NEEDLE. 



This is one inch long, one-twelfth of an inch wide, of the thinnest 
steei and fitted with a httle brass cap turned to a true cone to receive 
the point on which it is balanced. These needles are of hard tempered 
steef and are magnetized by a single contact with the poles of an 
electro-magnet or other ordinary powerful magnet. 

The matmet is now to be balanced on a steel point one-eighth of an 
inch high;°these are nipped off with cutting pliers from common sewing 
needles, and soldered into a slip of thin copper three inches long, half 
an inch wide. (Fig. 216.) 



A 



B 



Fig. 216. A. The needle, b. The point on the slip of copper. 

As the north end of the needle will be found to dip, it is advisable to 

counteract this by touching the south end with a little shell-lac varnish, 

which dries rapidly, and soon restores the needle to a perfect equilibrium. 

The needle is completed for use by fixing to it an index of paper (cut 

from glazed letter paper) two inches long, tapering from one-eighth of 

an mch to a point, and 
fastened at right angles 
on to the needle with 
lac varnish, so as to 
be truly balanced, and 
pointing the sharp end 

, ^ to the east, when the 

, needle placed on the 

point settles due north 
and south, its north 
pole being opposite the 
observer's right hand, 
the observer facing west. 

Pig. 217. The needle with the paper index. (Fig. 21/.) 
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The coil fnone ia placed uortli and «oath, and the needle is now intro- 
dnced b; sliding the end of tbe slip of copper into the opening in the 
frame. 

To limit the vibrations of the pa^ index a tlop is placed at each 
side. The stops are made of tk strip of thin sheet-lead or copper, a 
quarter of an inch broad, one inch and a half loi^, and turned up at a 
right angle, so that one inch rests on the boanl and half an inch is 
-vmical. For ordinal? practice these stopa are placed each at half an 
inch from the index. 

is placed in a box, which mar haTc a piece of lookii^- 



Tbe tel^itaph is placed m a box, wbicb mar have a piece of lookii^- 
^ass in the lia, so that the readings caa be taken with the needle in the 
vertical instead of tbe horizontal position, if required. (Fig. 218.) 



Fig. SIB. B«i conUlnlng ttB talagnpli, wltli Um IwUn^glaH !n tbe lid. A iraaU 
■teel nugnet t* pluid on or dsit the frame, it nqnlred, tbe MOtb pole of thU miuniot 
being o^DtiU to the nortli pole of the needle in tbe te\tgatb coiL Tha bu ii four iDi^hes 
long, uJriiDlDohbroAd,tbrFfl-jiUteeDthaoriiD hirh thEcK»juid Lt Iflonljqaed tL> oounl^rBct 
KDj looal derlBUDD ohioli mij arise id uelae the butrqmene with mileg of wire It vould 
not be leqnirsd nnder ordinu; dtcamttanosa, Ths alphalMt nHd li Ouimi to tbe leit. 

The ends of the fine wire of the telwraph coil are joined on to the 

wires from the reverHag instrument, ana this is connected with a voltaic 

aeries of one or mora elements, ao that bj the em^oyment of the 

reverser the needle is cansed to move right or left at pleasuTe. ^e 

S2 
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vhite paper index on tlie bkck eraimd can be followed with the greatest 
cert^tj, and Sir W, O'ShauKimesa]- states that vith this instrument a 
tel^aph derk maj read at the rate of twenty words per minute with a 
doable needle wire, being equal to fortj wonb per nuunte. 



oonsista of a bloek of wood, two inehes and a. half sqoare, in whicli 
foni hollows, half an inch deep, are out, and these hollows are joined 
diagonallj by copper wires let into the Buhstance of the wood, ana mcut 
caiefullj inaulated from each other bj melted cement, but exposing 
a clean metallic surface in each cell, which a filled with mercury. 
(rig. 219.) 



In practice a more elaborate reveraer h employed, but to demonstrate 
theprinciple the simple block above described is quite sufficient. 

With tne tele^ph placed at the top of a house, or in a distant 
cottage, and a amgle ceU of GroTC's battery, or at most two, for any 
short distances, with the reverscr, messages may be passed with great 
rapidiW from tbe bottom of the house to the top, or nvm a mansion to 
the lo^e, it being understood that a battery, revcrser, and telegraph, 
are required at both places where messages are receiTed and atuaertd; 
but if no answers are required, the battery and reverser ore placed at 
one end of the wire in the house, and the telegraph at the other ex- 
tremity in tlie cottage, and earth plates may be arranged to retnin the 
current, or another wire used for uiat purpose. 

Whilst lauding to the utmost the iavention of the electric telegTU)h, 
we must remember " there is nothing new under the soil," and that 
after all Nature claims &e principle of telegraphing, and with the silent 
gesture, the speaking eye, interpreted and answered by others, shepro- 
clums. herself to be the originator of communication by signs. Vmlst 
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the IsngtiaKe of floirers, and the moomfol requirements of the deaf and 
dumb m tne use of the fin^r alphabet, snoir how readilr man has 
adopted the important principle, till he has broogbt it to tne highest 
state of perfection in the electric telegraph. 

When the telegraph was first adopted on the Great Western Bailwa;, 
the moat ridicnlous ideas were fonnea of its capabilities, and manjpersoDS 
firmly believed that the wires were used for the purpose of draggrog 
letters and different articles from station to station. "Wife," said a man, 
looking at the telegraph wires, " I don't see, for mj part, how thej send ' 
letters on them wires, without tearin' 'em all to bits." " Oh, you 
stupid!" etckimed his intellectual spouse; "why, they don't send the 
paper: they just send the writin' in Ajluid state. 



D. One of the ideu of tolegnphic co 
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CHAPTER XVni. 

•B.VBXKOKFf% HEAADEE's, AND BENTLET's COIL APPABATX7S. 

Ik the course of the popular articles on frictional and voltaic electricity, 
it has already been mentioned that whilst the intensity ejects — snch as 
the capability of the spark to pass throngh a certain thickness of air, 
or the production of the peculiar physiological effect of the shock-— 
belong especially to the phenomena of frictional electricity, they are 
not apparent with the quantity effects, such as m&j be produced by an 
ordiiuuy voltaic battery, unless the latter consists of an immense 
number of elements, such as the famous water battery of the late 
respected Mr. Crosse, which consisted of two thousand five hundred 
pairs of copper and zinc cylinders, well insulated on g;lass stands, and 
protected from dust and light. If, however, the feeble intensity current 
of voltaic electricity, from four or five elements, is permitted to pass into 
a coil of a peculiar construction, fitted with a condenser, and manu- 
factured either by Euhmkorff of Paris, or Mr. Hearder of Plymouth, then 
the most remarkable effects are producible, which have created quite a 
new and distinct series of phenomena^ and further established m the 
most satisfactory manner the connexion between the electricities derived 
fromjriction and chemical action. 

The construction of these coOs does not differ very materially, and 
great merit is due to Messrs. Huhmkorff, Hearder, and Bentley, who 
have separately and independently worked out the construction of the 
most formidable machines of this class. In a letter to the author 
Mr. Bentley says :— 

''I commence the formation of my coil by using as an axis an iron 
tube ten inches long and half an inch diameter; around this is placed a 
considerable number of insulated iron wires the same length as tne tube, 
and sufficiently numerous to form a bundle one inch and three quarters 
diameter. Tms core is wrapped carefully in eight or nine layeps of 
waxed silk, the necessity of which will be obvious presently. 

"My primary helix, which is formed of thirty yards of No. 14 cotton- 
covered copper wire, is wound carefully on this core, and consists of 
two layers, each layer being carefully insulated one from the other by 
waxed silk, for I mid that if a wet string or fine platinum wire be con 
nected with the two ends of the primary wires of an induction coil in 
action, there is scarcely an indication of an induced current to be 
obtained &om the secondarjr wire. That this is not owing to any 
decrease of magnetic power is proved by testing the iron core before 
and after the experiment, but is simply owing to the central magnet or 
coil exerting the whole of its inductive powers upon the nearest closed 
circuit ; it tnerefore follows that if the two layers of primary wire are 
connected by the cotton covering becoming moist, the whole of the 
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induced current will take this path instead of trarersing the secondary 
wire. 

'' Before describing mj secondary wire I must again call attention to 
the important fact that the ma^etism of the iron exerts its inductive 
power upon the nearest conductmg medium; and I have constructed 
an instrument to demonstrate this fact. It consists simply of an ordi- 
nary coil, giving the third of an inch spark, but having tne four inner 
lavers of secondary wire brought out separately. Now, I find that 
when I keep the ends of this wire separate I obtain nearly the third of an 
inch spark, out when I connect them metallically I can obtain no intensity 
spark whatever from the seventeen coils which surround them. 

''It follows from this that before winding the secondary wire the 
striking distance of a single laver must be ascertained, and I find that 
with my coil I can get a spark one-tenth of an indi long from one coil 
of wire, and sufficiently intense to penetrate with facility six layers of 
waxed silk. 

, "Waxed silk is therefore unsuited for the insulation of large coils, 
and I find, after numerous experiments, that there is no substance so 
fitted for the purpose as gutta-percha tissue, and I use five layers of 
this substance to each layer of wire. 

"The secondary helix then consists of three thousand yards of Ko. 35 
silk-covered copper wire, and is insulated in the manner described above; 
but as I do not use cheeks to my coil it assumes the form of a cylinder 
havin? rounded ends. 

" For the protection of this instrument I place it in a mahogany box 
of the proper size, and it is supported and retained in its position by an 
iron rod, which is thrust through the hollow axis of the core and the 
two ends of the box, leaving hm an inch of the iron projecting to work 
the contact breaker, which is fixed to one end of the box, while the 
two ends of the secondary wire are brought out of the other through 
gutta percha tubes. 

"The condenser is contained in a separate box, and is formed of 
one hundred and twenty sheets of tinfoil between double that number of 
sheets of varnished paper, the alternate sides of the foil being brought 
out and connected to appropriate binding screws. 

"This condenser forms a convenient stand for the coil, and can be 
used for many interesting experiments.'' 

The shodk which the condenser ^ves to the system depends in a 
great measure on the size of the coatmgs. The primary wire alone does 
not produce any physiological results, or at least very leeble ones. Mr« 
Hearder's coil is wound on a bobbin six inches in length, and four inches 
and a half thick, and includes three thousand yards of covered wire 
(No. 35^. The iron core consists of a bundle of small wires capped 
with sobd ends, and the sparks obtamed from it were five-eighths of an 
inch in air when the primary coil was excited by four pairs of Grove's 
series ; and when connectea with the Leyden iar, the most vigorous 
and brilliant results were produced. The conaenser is made of car- 
tridge paper, coated in the proper manner with tinfoil. The secon« 
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iaxj coil is quite indepeDdent of tbe primBiy one, tUcIi is Imd on in 
difierent leugtha, bo that the coil can be adjusted to anj battel; pover, 
irhctber for qoantiljoi intensitj. 

For the successful exhibitioa of the capabilitiea of tlie machine, it is 
required to perform the experiments in a darkened room. (Fig. S21.) 



In nsing this apparatus, eight purs of Grove's battery will be qnii« 
snfGcient to prodnce the effects, and the greatest care must be taken to 
avoid the shock, which is most severe and painfnl, and might do a great 
deal of bmn to a weaklj, 
sensitive, and nervous 
. person. To avoid any 
accidents of this kint^ 
the convenient arrange- 
ment at one end shown 
in Fig. 333 must be 
carefaUy attended to, 
and when manipulating 
with any part of the 
apparatus, if the bat- 
tery is attached, the 
contact should firet be 

Pig. M. One nid (« Roluiifaufl^ odL » ». Con- t"Oken bj bringUlK the 
uokn to i«celTe ths tnttraj wlrw. a 1» tho ojUoiler, ITOIT (the non-conduct- 
muluir of which ]• ITCF17 and (h* oOiaiiHtiL Inthb inCTV nart of the cv- 
facotoffbjthelniiyfromUwcoU. bnder a (Hg. 233) m 

commnnicationwith the 
ooudactort, x b, where the wires from the batteiy arc attached. 

Finl Exprnaent. 
It is at tbe other extremity of the coil that tbe experiments are per- 
formed; for instance, if an exhausted globe is connected with the 
ers X B (Fig. 333), and the connexion made with the batteiy, k 
tifol faint blue light is apparent on one of the knobs and wires, and 
bj reversing the conent tbe light appears on the other knob and wire. 
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Seeond Sxperimeitl. 

The appearance of these bands of light is modified by the nature of 
the gksB tabes emplojed, and the subject has been. carefuUj jnvestigated 
bj Mr. Gassiott. At the laat meeting of the British Aasociatipu at 
Aberdeen, Dr. Hohinsan made various experiments, arrajiged b; Mr. 
Ladd, for the purpose of showias the comiexion between these minia- 
tore effects of bands of light in tunes containing rajioua gases, and the 
phenomena of the Anrora Borealis. The title of the ducourse, which 
was specialij delivered in the Miisio Hall bj the learned Doctor, 
vas " On ElecMcal Dischai^es in Highlj-rorefled Media," and it 
TBS illustrated bj ei^ieriments prepared bj Mr. Gassiott and Ur. 
Ladd. 

The kind of tubes employed may be understood from the next figure. 
The; are made in Oemum;, and bj approaching a powerful magnet to 
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the outside of any of 
the gjaas tub« wMlat 
the bands of light are 
being prodnced, the 
most remarlcable mo- 
difications of them are 
obtained. Mr, Ladd 
has mounted one of 
these tabes in a rota- 
ton arrangement si- 
milai to that de- 
scribed at page 186. 
When connected with 
the coil and batterj, 
it famishes one of the 
most lorelj " elec- 
tric fire-wheela" that 
can possibh be de- 
scribed. (Ke. 384.) 
Mr. Qrove placed a 
piece of carefolly- 
oried phosphorus m 
a little metallic cnp, 
and covered it with a 
Fig.334. j,B,o,]>,>,T.VHtoiBtDl)(a(iIdi(ltaaitUnd«of jar having a Cap and 
kIhi. Bud eontalning guea Mid Tuxnui. Each tnlM hts > —:—, r\„ rpmnvinir 
SISumwireid«rt^itl»Ui8na^Uiwhfeh«««iiitiirtt. Y^'. »Jn removing 
nude wilb tho i»ll. Tbe tube x oouUng macnn, which hu Ine an* liom tne re- 
been boiled In II, ud Hiii tdr expelled. B^ moVhiir the con- cniver and Dassintr 
docUng wire to o or H, the 11^ whidi otberwiiB puHi .. ^ ',„„( if „ilP 
ttawAthewliobofthetnb-ii^itllMMPotoU. "« current of elec- 

tricity through it 
from the Kuhmkorff coil, he obtained a light completely stratifled, aud 
bWded transTeisely with straight but vibrating dark buids. 



When two verf thin iron 

wires are arranged in the 

- -^ upright pillars (Fig. 323), 

^<^,lVs and held sufficiently close to 

each other, as in Fig. 335, 

Lght passes from one to the 

other. The wire from which 

the light passes remaius 

eotd, the otQcr becomes so 

ng.aa, Keiangoftbolioiiwlre. ^„i that it melta into a 

little gtobnle of liquid iron, and if paper is held between the wires it 

r^idly takes fire. (Fig. 335.) 




EZPEBIKENTS WITH BT7HKK0BFFS C 



Fonrli Mxpmment. 

Bemore the break. 
Attach two wires to 
X X (Fig. 226). Hold 
them so 39 at pleasure 
to complete and inter- 
rapt the golvamc circle. 
Two other wires are at- 
taoheii at p !, their 
ends being- abont three- 
qnarters of on inch 
asunder. When the c\ir- 
rent is closed or broken 
at A A, a apark passes 
between BB. (Fig. 226.) 
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Mfth Experiment. 

A Lejden jar may be chuved and discbafged with singolar rapidity 

when connected with the coil, and the snapping noise is so rapid, that it 

produces a continuous sharp sound. (Kg. 237.) " "' 



a continuous sharp sound. (I^. 227.) If a piece of paper 



Ilg.227. IB. IiCTdca]u«>it«l«Il)itlnn)l1, udiUndingoiiE 
neb ■• gntto perchm or the tgglnotu or glau plab 

is held between the ball of the Lejden jar and the w 
parforated, but not set on fire. 



isiostantlf 
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SUtli Sxperimeiti. 



Wlm tlie Levden jar ia coated with spangles of tinfoil, a spa^ 
sppean at each oreak, and the whole iai is lit np with hundreda of 
bnUiant spaiks each time it is chai^d and diacMrged, and as this 
occnn with m rnTipg rajiiditr, the light is almost conbnoons. (No. 1. 
'Fig. 3S8.) The larger the Leydea jar, the ahorter the spark, and viee 
vtTt4. B7 the emplojoieut oF a mcely-made screw and inch-scale, the 
distance between the discharging points connected with a Lejden jar 
can be accurately determined ; and Mr. Hearder states tbat supposing a 
Lejden jar has one aqnare foot of charging surface, it will give a apark 
of one inch in length, out if a smaller jar is nsed, withonljlialf asqiura 
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foot of ohargW sorface, the spark would be about one inch and a 
quarter in lengtb. (Fig. 228.) 

The direction and rapidity of the current appear to iufiuence greatly 
the heating and fire-giving power of the coil, and the following eipen- 
ment, devwed by Mr. Hearder, fnmiabea acuiioDs illoatration of this &ct. 

When the current passes in the direction of ttw arrawa (Fig. 2S0), 



HEABDEB'S EXFEBIllXNTS. 



the plfttimiin wire remtuns perfectly cool whilst the gunpowder is fired j 
HDd the contrary takes place if the current is revereed— vii., the gon- 



ns.t». - 

batwen lU polntL 0. AnoUin i 
ftOB Uw Utt]« tabic The nOln _ 
dtncUiai at lh« 0011011 of clMtrtciti. 

pow^ does not blow np, but the platinum wire is heated. In the 
second experiment, a Leyden jar is included in the oircnit, (Sig. 229.) 

Sghth Experimeni. 
~ Amongst so many beantifnl experiments, it is somewhat di£calt to 
soy which is the moat jileaamg, hut for softness and exqnisite colouring, 
with the continnons Tibrating motion of the flowing current of elec- 
tricity, nothing can snrpass "the cascade eiperiment." [This beautiful 
experiment is usually termed "Gassiotfs Cascade," and is thus de- 
scribed by that gentleman. Two-thirds of a beaker glass, four inches 
deep b; two inches, are coated vrith tinfoil, leaving one inch and a half 
of the upper part nnceated. On the plate of an air-nump is placed a 
glass plate, and over it the beaker, covering the whole with an open- 
mouthed glass receiver, on which is placed a brass plate having a thick 
wire passing through a collar of leather ; the portion of the wire within 
the receiver is covered with a glass tube j one end of the secondary 
ooil is attached to this wire, and the other to the plate of the pump. 
As the vacuum improves the effect is very surprising; at first a faint 
clear blue light appears to proceed from uie lower part of the bealicr 
to the plate ; this gradually becomes brighter, until by sbw denees 
it rises, increasing in brilliancy nntil it arrives at that part wbicn is 
opposite, or on a line with the inner coating, the whole being iu- 
tensely illuminated; a discbar^ then commences, as if the electric 
flnid were itself a material body running over.] This resnlt is ob- 
tained by coating the inside of a handsome glass goblet with tinfoil, 
and placing it under a jar fitted with a collar of leather and ball, and 
arranged in the usual manner on the ur-pump. Directly a vacuum is 
obtmed, the lull is moved down to the mside of the goblet, and the 
wires from the coil bdng Httaohed, a continuoos series of streama of 
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electric ligU seem to overflow the goblet ajl Kraud the edge, and it 
stands then the rerj embodiment of the brimming cop nl fire, and 
emblematical of the dangers of the wine-cap. (Fig. 230.) 



Fig. 230. GUBlott'B Ciuad«. 

Ninth Experiment. 

If a piece of wood five inebes bng sod half an inch square is placed 

on the table of the discharger, and ohe wire brought on to the top edge 

r^-^ and the other ap- 

' - ^ " -> ^> preached to within 

three inches of it, 

and tonchiug the 

wood, and the 

space between them 

moistened with the 

strongest nitric acid, 

visible from tlie 
creeping along of 
the Ore, which gradu- 
allj carbonizes and 
boms the wood. 
(Pis- 831.) 
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TenlA Experimtnf. 

A glass plate wetted vHh gam, ttad then sprinkled with varions 
filings of iron, tiuo, lead, copper, &c., produces a very pretty effect of 
deflagration as one of the conducting wires is moved over ite surface, 
the other of course being in contact with the plate. The gum quickly 
dries by putting the plate in a nioderatdj-heated oven. 
Eleventi Experiment, 

When the continnons discharges &oin the Lerden jar aie made_ to 
pass through the centre of a large lamp of cijstal of ainm, blue vitriol, 
<ic ferioprussiate of potash, fto, the whole of the crystal is beautiful^ 



fig. 232. 1. Tlia L«jden Ju. ■. Idrg* hunp or ilnni, wltb m bole bared tbioorii it 
bkUneiittbcD. Tbe dlicbuglng wlr» imbroiiiAl wllhin thrM-dghUu of u bub of 
«ftcb otber» fend tbflvbola erjitalia lighted np with uubriUiiutdflctrloipkrkii, 

lighted up during the passt^ of the electricity fo)in one win of the 
discharger to the other. (Fig. S31.) 

TKel/ii ExperiaaU. 

When a piece of paper slightly damped ia placed between the wires of 
the diachaiger, the spark is increased to a much greater length, on 
account of the conducting nowet of the water contained in the pores of 
the paper; and taking all things into consideration, theanthor considers 
he has witnessed the grandest effects from the coil invented and con- 
-Stracted hy Mr. Hearder, the talented lecturer and electridau of the 
West of England. 

Thirittnih SxpeivwMl. 

Electro-Diagnetio coil machines have been einpIo;fed for a veiy con- 
^erable time in aUeriating certain of "the ills which flesh is heir t<>," 
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b; the admimttration of atocka. These may be so regulated as to be 
hardlj perceptible, or maj be so poverfal that the pam becomes abso- 
latetj iutolemble. 

These coils tie now made self-acting, and consist of two coils of 
ooveted and insulated wire wonnd rouna a bnndle of soft-iron wires, 
with the neceaaarj connecting screws for the voltaic batterj. The con- 
tact with the batteiy is made and broken with great rapiditj by a simple 
form of break, consisting of a tinned disc of iron held bj a spring over 
.the axis of the bundle of iron wires ; and the continual noiae of the 
break, which is altemstel; attracted down to the bundle and brought 
back bj the spring, when the coil is in contact with the battery, demoo- 
strates ^without the pain of taking the shock) when the instnunent is in 
full working order. 

The coil machine is not only oseful in a medical point of view, but 
when properly arranged offers a good reception to a run-awsj bell- 
ringer, and is an ei(«llent preventive i^ainat illicit attempts at cheap 
rides by small boys. 
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CHAJPTER itTT, 

VAOKBIO-XLECIKICITT. 



Thz correktjon of tlie phjsical forces, heat, light, electricity, maniBtisiD, 
and TDotioD, is one of tne most interestiiiK adjects for stndy uist can 
be saf^est«d to the lover of Bcience. l^e eiamination of the piecisa 
meaning of the term correlation, bo ablj conaidered bj Professor Grove, 
indicates a necesaaiy motoal or reciprocal dependence of one force on 
the other. Thus, electrioitj wiU produce heat, and wof veriii; motion, 
inch as friction, prodacei electncitj, and the latter, b; its attractiDn 
and repoltrion, establishes itself as a source of motiod. Electridt; pro- 
duces light, also magnetism, and oontrarimse light is said to powess 
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the power of magnetizing steel, wliilst magnetism again produces light 
and electricii^. Such are the intimate connexions that exist between, 
these imponaerable agents, and we may trace cause and effect and its 
reversal amongst these forces, until the mind is lost in the examination 
of the bewildering mazes, and is content to return to the beaten track 
and work out experimentally the practical truths. We have had occa- 
sion to notice in another part of this playbook the fact that a current 
of electricity causes the evolution of magne^m in its passage through 
various conducting media, and the truth has been specially illustrated by 
the various experiments in the chapter devoted to electro-magnetism. 
In commencing this portion of electncal science, we have no new terms 
to coin for the title of the discourse, as we merely reverse the other 
when we examine the nature and peculiarities of 

MAGKETO-ELECTSICIIT. 

The source of the power must necessarily be a bar or horseshoe-> 
shaped piece of steel permanently endowed with mametism. If the 
former is thrust into a cylinder of wood or pasteboard, around which 
coils of covered' copper wire have been carefully wound, so that the 
extremities communicate with a galvanometer, an immediate deflection 
of the needle occurs, which, however, c[uickly returns to its first posi- 
tion, but is again deflected in the opposite directioh on the withdrawal 
of the steel magnet from the coU ot copper wire. (Fig. 235.) 




Fig. 286. A B. Coil of copper wire. o. Permanent bar magnet placed ioBide tbe 
coil, when the galvanometer needle, s, ia dSiectM. 

The rapid entrance and exit of the steel magnet in the helix of copper 
wire would be insufficient to produce any quantity of electricity, and 
the ingenuity of man has been taxed to arran^ a method hj wmdi a 
magnet may be suddenly formed and destroyed inside a coil of insulated 
copper wire. The difficulty, however, has been surmounted by several 
ingenious contrivances, based on the principles first discovered by 
Faraday; and the one especially to be noticed is ti^e revolution of a 
coil of copper wire enclosing a piece of soft iron, called the armaUtre, 
before the poles of a powerful magnet. The first machine was invented 
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by M. Hypolyte Fixii, of Paris, and in 1833, Mr. Saxton improved 
upon this machine, and three years afterwards, Mr. E. M. Clarke de- 
scribed a veij ingenious modification of the electro-magnetic machine, 
which is depicted at page 241 of this chapter. In this picture, the letter 
A is the permanent fixed horseshoe magnets, which are very appro- 
priately termed the battery magnets, because they take the position 
that would otherwise be occupied by a voltaic battery, and they are 
indeed the prime source of the electrical power that is evoked, d is the 
intensity armature which screws into a brass mandril seated between 
the ])oles of the magnets a, motion being communicated to it bv the 
multiplying wheel, E. This armature or inductor has two coils of fine 
insulated copper wire of 1500 yards in length, coiled on its cylinders, 
the commencement of eabh coil being soldered to the bar d, from which 
projects a brass stem, also soldered into D, carrying the break>piece h, 
which is made fast in any position by a small binding-screw in a hollow 
brass cylinder to which the other terminations of the coils, p p, are 
solderea, these being insulated by a piece of hard wood attached to the 
brass stem, o is an iron wire spring pressing agamst one end of the 
hollow brass cylinder; p is a square brass pillar; Q is a metal spring 
that rubs gently on the bres^ piece h ; t is a copper wire for connecting 
the brass pieces with the wood l between them, and out of which p 
and pass ; b b are two handles of brass with metallic wires, the end 
of one being inserted into either of the brass pieces connected with p 
and 0, and the other into the brass stem that carries the break h, delivers 
a most severe shock directly the wheel is set in motion. 

In Saxton's electro-magnetic machine, the permanent steel magnets are 
placed horizontaily instead of perpendicularly, and are composed of six 
or more horseshoe-shaped pieces of steel. The armatures, or inductors, 
or electro-magnets (for they consist of pieces of soft round iron with 
wire wound round them), are two in number, and are adapted to 
exhibit either gnatUity or t»^«»MVy effects. The quantity armature is 
constructed of stout iron, and covered with thick insulating wire. The 
intensity armature is made of sUghter iron, and coyered^th from one 
thousand to two thousand yards of fine copper wire coated with silk. 
The quantity armature is intended for the exnibition of results similar 
to those which are procurable from a voltaic battery, such as the mag- 
netic spark, inducing magnetism in soft iron, heating platinum wire. 
The intensity armature is employed for the chemical decomposition of 
water and other bodies, and likewise for the administration of those 
terrible blows to the nervous system which cause strong men of the 
mildest deportment to become painfully excited, and to make those 
ejaculations which are so peculiar to the genus John BulL 

EXPEBIHENTS WITH THE MAGNETO-ELECTSIC MACHINE. 

First Experiment. 

The decomposition of water by the passage of electricity from one 
platinum plate to another, has already been illustrated at page 198. The 

e2 
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Ume foct ma; likewise be displsjed bj the folloiriiig arrangemeiit of 
the maduoe. (Fig. 236.) 



3« machine at i£, v. tt, wtatu on the tiaglt br 

Second Exptriment. 

e of tlie electricitj from the 

J „_ , , so an effect that can be pto- 

daced 07 UMigueto-electru; macninea, the wires leading from the points 
1. B being insnhited by ehias handles, and pUeed u the holes u h. 
(Kg. W) 
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Third Eipermeitl. 

The acintillation of iron wire 
is one of the most pleasing expe- 
riments witli this apparatus, and 
IS performed by pressing gentlj 
one end ot a piece of thin iron 
irire (attached b; means of a 
binding-screw to the upright hat a) 
against the armature, d, (Fig, 

FourlA Mtjieriaent, 

The combustion of ether or 
other inflammable spirit may 
also be demonstrated with the 
aid of this powerful appara- 
tus, and the arranRemen^ in Fig.iaa. DcBBgntionofEroiiwire. 
coimnon with the others emplojed 
by Mr. Clarke, ia shown in Pig. 

With the assistance of the mag- 
neto -electric machine, telegrapMo 
communication may be conducted 
without the assistance of a battety. 
It has also been applied to the art of 
electro-plating by Mr. J. P. Woolrich, 
of Birmingham ; and whilst Tisitiig 
that place, the author bad the oppor- 
tunity of witnessing the arrangement 

It consists of a tcij powerful 
jnagneto-electric machine turned by a 
steam-engine, and connected with the 
laige troughs containing the Bilvering 
solution. If it is required to dq«sS 

t ^^h'^"§ °'«i''^'7 '^v"'^ "^h "f ■ »»■ ThB b™k ,. ™,o«4 „d 
a Short period suffices for the action of Ow 3oabia biMai, a, taei in lu piwe 
the machine, whilst a thick deposit of P'^^"?!,'; 'i^'"°^£'^S^F^ " 
the precious metal is only obtained by S.^K ^"IT^o^^ ^S'JX 
the constant operation of the nuurnets »™i«a« ii vertliaJ. Ethw ot alcahol 
for several hours. At MrrWool- C^b?uS'deS^^k''°^^ *"" 
noh s factory, the iKwds which were * 

being coatetf with sflver were ail kept in motion, moving slowly back- 
warda and forwards m the trough by means of an eccentruj con- 
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neoted mtti the same steam-engme that worked the electio-magBetia 
machine. (Fig. 2i0.) 



Yig. MO. NlnrlDg md [ditiii; bj the mBgnota raMhhui, 
toiiud bj • iteam-aigliia. 

Tho mBsneto-electiio telegraph patented by "iSi. Henlej in 1S48, 
offers another example of the application of the electno current induced 
in electro-magnetic coila, when the; rotate in close proiimitj to ths 
poles of a powerful steel ma?net. This telegraph is now in con- 
sbmt nse bj the English and Irish Magnetic Telegraph Companj, 
thnn^h a £staikce ol more than 3100 miles. The whole lei^;lh 
ot wires in use amount!! to the astonishing quantity of 13,900 mifes. 
of which 6360 miles are hidden underground, and 7G0O conducted 
above. 

This telegraph is considered to be one of the simplest and most 
economical yet brought into practical working. 
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CHAPTER XX. 



SLL-MAGNSTISM. 

At the end of the chapter devoted to the subject of light, will be found 
an experiment devised and carried out by Dr. Faraday, in which it is 
shown that if a bar of a peculiar glass (called after the inventor, 
Faradat^s heavy glass, or sihcated borate of lead) is subjected to the 
inductive action of a very powerful electro-ma^et, that it has the 
power of changing the direction of a ray of polarized light transmitted 
through it. This effect is not confined to the poles of an electro- 
mt^et, but is also perceptible (though in a diminished degree) with 
oroinary magnets. 

The result of this important experiment was communicated to the 
Eojral Society by Dr. Faraday on the 27th November, 1845, the enun- 
ciation of the fact by this l^med philosopher being, " that when ' tie 
Hne of magnetic foree^ is made to pass through certain transparent 
bodies parallel to a ray of polarized bght traversing the same body, the 
ray of polarized light experiences a rotation." Now, '' the line of tnag- 
netic forc^' means that continual flow of the magnetic current which 
passes from pole to pole, and is indicated by iron filings sprinkled on 
paper placed above the poles of a magnet, and usually termed magnetic 
curves^ or the curved lines of magnetic force. (Fig. 241.) 



* ^ \ • 1 1 ' // • 




Fig. 241. The carred lines of magnetic force. 



The heavy glass abeady alluded to, upon which the magnet exerts a 
certain infiuence, is called 

THE DIA-MAGNETIC ; 

and by this term is meant a body through which the lines of magnetic 
force are passing without affecting it like iron or steeL At page 212 is 
a picture representing (at Figs. 201 and 202) the direction of the 
electricity and that of the magnetic current or whirl at ri^t angles to 
it. If, then, Fig. 202 be considered as a piece of glass, the arrow ▲ b 
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will Bhow " the line of magnetic force," tlie point b being the nortit 
pole, sod tlie shaft a the south pole of the ma^et, imd the arrows 
traced round will represent direction. This sim^e drawing expresses 
the whole of the law of the action of the magnet on the gla^s, and if 
kept in view, will give everj position and conaeqaeuee of diiecUon re- 
Bolting from it. 

The phenomecOQ of the affection of the beam of polarized light is ini' 
mediately connected with the magnetic force, and this is supposed to 
be proTed by the brigklnen of the pokriied raj being developed 
ffraitaUlf, as the iron coiled with wire requires about two seconds to 

Tire its greatest power after being connected with the battery. 
another experiment of Faraday's, where a beam of [lolarized light 
was sent throngh a long glass tnbe containing water, and introdnced as 
k core iiuidt a powerml electro-magnetic coj], the image of a candle 
viewed with a proper ej&piece, ajipeared or disappeared as the battery 
connexion was made or broken with the coil ; but this result is not 
considered by man; philosophers to be conclasive of the action oC 
magnetism on light, but rather as an alteration of the Te/racting power 
of Uie Medium through which the li^bt passes. These experiments were 
the precursors of the other effects ol magnetism upon different kinds of 
matter which Faraday discovered, and he commenced bis eiaminatioii 
with a small bar of heavy glass SQspended by a filament of silk between 
the poles of an electro-magnet, and when the twisting or effects of 
torsion had ceased, the batteiy was connected. Directly the current 
passed, Faraday's keen eye detected a movement of the glass, and on 
repeatmg the experiment, he discovered that the movement was not 
accidental, but always took place in a certain fixed direction — viz., a 
direction at right angles to a line drawn across and touching the two 
poles of a hotsesboe-sbsped magnet — 1,«., supposing the feeder or bit 
of soft iron usually placed in contact with the poles of the horseshoe- 
magnet to represent the " axial line," any line drawn across it at right 
anMes would be called the equatorial line, whilst the general space 
inclnded between the poles of the magnet is called "the mameiie 
Jleld." The mOTemcnt of the heavy glass was therefore equatorial, and 
it pointed east and west iusiend of north and south, like iron and steel. 
By the use of the apparatus (Fig. S13} Faraday proved that every 
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substance, whether solid, fluid, or gaseous, was subject to magnetic 
influences, assuming either the axial or equatorial position. The appa- 
ratus consists of a prolongation of the poles of a powerful electro- 
magnet, between which tke cube of copper, weighing from a quarter to 
ball a pound, suspended by a thread, may be set spinning or rotating. 
If the electro-magnet is connected with the batteiy, the cube stops 
immediately, and whilst still in the same position or in the mapn^ 
fields with the magnet in full action, it is impossible to set it spmning 
or twisting round again. (Fig. 242.) 

A large number of other substances, solid, lij[uid, and gaseous, were 
submitted to the action of the magniet, the hauids and gases being 
hermetically sealed in glass tubes, and some of tne results are detailed 
in the following list ; 

Bodies that poinf axiall^i or are paramafftietie, like a suspended needle^ 



Iron. 

Nickel 

Cobalt. 

Manganese, 

Chromium. 

Cerium. 

Titanium. 

Palladium. 

Platinum, 

Osmium. 

Paper. 

Sealing-wax. 

Muor spar. 

Peroxide of lead. 

Plumbago. 

China ink. 

Berlin Porcelain. 



Bed4ead. 

Sulphate of zinc. 

Shdl-lac. 

Silkworm^t. 

Asbestos. 

Vermilion. 

Tourmaline. 

CharcoaL 

All salts of iron, when the latter is 

basic. 
Oxide of titanium. 
Oxide of chromium. 
Chromic acid. 
Salts of manganese. 
Salts of chromium. 
Oxygen, which stands alone as a 

paramagnetic gas. 



Bodies that point equatorialfy, or are diamagnetic^ like Farada^s 

heavy glass. 



Bismuth. 

Antimony, 

Zinc. 

Tin. 

Cadmium, 

Sodium. 

Mercury, 

Lead. 

Silver. 

Copper. 

Gold. 

Arsenic, 



Uranium. 

Ehodium. 

Iridium. 

Tungsten. 

Bock crystal 

The mineral acids. 

Alum. 

Glass. 

litharge. 

Common salt. 

Nitre. 

Phosphorus. 
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Salj)hur. 

Resin. 

Spennaceti. 

Iceland spar. 

Tartaric add. 

Citric acid. 

Water. 

Alcohol. 

Ether. 

Sugar. 

Starch. 

Gum-arabic. 

Wood. 

Ivory. 

Dried mutton. 

Presh beef. 

Dried beef. 



Apple. 

Bread. 

Leather. 

Fresh blood. 

Dried blood. 

Caoutchouc. 

Jet. 

Turpentine. 

Olive oil. 

Hydrogen. 

Carbomc acid. 

Carbonic oxide. 

Nitrous oxide (moderatelyV 

Nitric oxide (very slightly), 

Olefiant gas. 

Coal gas. 



Nitrogen is neither paramagnetic nor diamagnetic, and is equivalent to 
a vacuum. Magnetically considered, it is like space itself, which may 
be considered as zero. 

The term magnetic l^KtdJ^j proposes should be a ^neral one, 
like that of electricity, and include all the phenomena ana elTects pro- 
duced by the power, and he proposes that bodies maj^etic in the sense 
of iron should be called paramagnetic, so that the division would stand 

*'"^ Magnetic [l^^i"; 

and it is this division which has been observed in the preceding 
tables. 

All space above and within the limits of our atmosphere may be 
regarded as traversed by lines of force, and amongst others are the lines 
of magnetic force which afTect bodies, as shown in the table of para- 
magnetic and diamagnetic bodies, which have the same relation to each 
other as positive and negative, or north and south, in electricity and 
magnetism. 

The lines of magnetic force are assumed to traverse void space with- 
out change ; but when they come in contact with matter of any kind 
they are either concentrated upon it or scattered according to the 
nature of the matter. 

The power which urges bodies to the axial or equatorial lines is not a 
central force, but a force differing in character m the axial or radial 
directions. If a liquid paramagnetic body were introduced into the field 
of force, it would dilate axially, and form a prolate spheroid like a lemon, 
while a liquid diamagnetic body would dilate equatoiially, and form an 
oblate spheroid like an orange. Pliicker has demonstrated that if mag- 
netic solutions are placed m watch glasses across the poles of the 
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filEctro-magnet, the; are heaped np in • veij cniioas maimei. The 
poles of the electro-magnet are pieoeii of soft iron, wMch may be drawn 
awa; or approactiGd at pleasure, and according as the poles are nearer or 
further asunder, the magnetic liquids, snch as solntioa of iron, arc 
he<q)ed ap in tme or two directions, as shown at B and c in Fig. S43. 




Kg:. Ua. Glui dlih lioldiDg migaelie s 

appointed 
s ot the globe. For 
though the amount of the power appears to be feeble, vet, when it b 
considered that the crust of the earth is compoaed of anbstances of 
which bj far the greater portion betons;! to the diamagnetic okas, it 
must not be too hastily assumed that tneir effect is entirel; OTcrruled 
by the action of the magnetic matters, whilst the great mass of waters 
imdthe atmosphere must exert their diamagnetic action uncontrolled." 

Pliickec has also annonnced — what at the time he believed to be true 
— the highly interesting and important fact that the optic aiig of Ice- 
land or calcareous spar is repelled by the magnet and placed equa- 
torially — a fact which Pliicker thought true of many other crystals 
when the magnetic axis is jiarallel to the longer crystaUogranhic axis. 
A piece of kyanite, which is a mineral composed of san^ cky, often 
lime, iron, water, uid is used in India, being cut and poUahed aa a gem, 
and sold freqaently as an inferior kind of sapphire, wilJ, it b said, even 
under the innneoce of the earth's magnetism, arrange itself like a mag- 
netic .needle. 

Flncker believed that he had discovered an existing relation between 
the forms of the ultimate particles of matter and the magnetic forces, 
and he imagined that the results he obtained would lead gradnaUy to 
the determination of cmtalline form by tbe magnet. The eiperiments 
of l^dal and Knoblauch lead, however, to a very opposite series of con- 
clusions, and by ingeniously powdering the ciystols with water, and 
makii^ them into a paste, which was afterwari^ dried and suspended 
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as a model in ** the magnetic field ;" also by taking a slice of appilo 
about as thick as a penny-piece, with some bits of iron wire through it, 
in a direction perpendicular to its flat surface, they were found to set 
cquatorially not by repulsion but hj the attraction of the iron wires ; or 
instead of the iron bf placing bismuth wires, the apple now settled 
axiaUy, not by attraction but by the repulsion of the bismutL Ipe- 
cacuaidia lozenges, Carlisle biscui& also, suspended in the magnetic field, 
exhibited a most striking directive action. The materials in these two 
cases were diamagnetie; but owing to the pressure exerted in their 
formation their largest horizontal dimensions set from pole to pole, the 
line of compression being equatorial ; and it is a universal law *' that in 
dtamagnetie bodies the line along which the density of the mass has been 
induced by compression sets equatorial, and in magnetic bodies asial" 
Hence they assume, from these and many other conclusive experiments, 
that cr3rstallized bodies, such as Iceland spar, take their position in the 
magnetic field without reference to the existence of an " optic axis." 

At the conclusion of a brilliant lecture at the Boyal Institution by 
Dr. Tyndal " On the infiuence of material aggregation upon the 
manifestations of force,'' in which Pliicker's expenments respecting the 
repulsion of the optic axis were gracefully discussed and his theory 
reiuted, the leamea doctor said : "This evening's discourse is in some 
measure connected with this locality; and thinking thus, I am led to 
inspire wherein the true value of a scientific discovery consists ? Not 
in its immediate results alone, but in the prospect which it opens to 
intellectual activity — ^in the hopes wliich it excites — ^in the vigour 
which it awsi^ens. The discovery which led to the results brought 
before us to-night was of this chsuracter. That magnet* was the 
physical birthplace of these results ; and if they possess any value they 
are to be redded as the returning crumbs of that bread which in 1846 
was cast so liberally upon the waters. I rejoice, ladies and gentlemen, 
in the opportunity here afforded me of offering my tribute to the 
greatest workman of the age, and of laying some of the blossoms of that 
prolific tree which he planted at the feet of the great discoverer of dia^ 

magnetism."t 

It was first observed by Father Bancalari, of Genoa, that wheii the 
flame of a candle is placed between the poles of a magnet it is strongly 
repelled. The flames of combustible gases from various sources are 
differently affected, both by the nature of the combustible and by the 
nearness of the poles. Faraday repeated Bancalari's experiments, and 
by a certain arran^ment of the poles of this magnet he obtained a 
powerful effect in the magnetic field, and having the axial line of the 
magnetic force horizontal, he found that when the flame of a wax 
taper was held near the axial line (but on one side or the other), and about 
one-third of the flame rising above the level of the upper surface of the 

* AHading to a splendid magnet made by Lc^ieman, which was sent to the Exhibition in 
Hyde-park m 1861. It could sustaiii a weight of 490 pounds, and was purchased by the 
Boyal Institution for Dr, Faraday, 

f Dr. Faraday. 
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poles, as soon as the magnetic force was exerted the flame receded from 
the axial line, moving equatoriallr until it took an inclined position, as 
if agentle wind was causing its deflection from the upright position. 

When the flame was pla^ so as to rise truly across the magnetic 
axis, the effect of the magnetism was very curious, and is shown at a, 
Rg. 244. . J -^ 

On raising the flame a little more the effect of the magnetic force 
was to intensify the results already mentioned, and the flame actually 
became of a fiah-tailed shape, as at c, Eig. 244 ; and when the flame 
, was raised until about two-thirds of it were above the level of the axiid 
* line, and the poles approached very dose, the flamb no longer rose 
between the poles, but spread out right and left on each side of the 
axial line, producing a oouble flame with two long tongues, as at b. 
Fig. 244. 




Itg. SAl Effect of magnetisin on candle-flame between the polea of the magnet 

It was these experiments that led to the important discovery of the 
paramagnetic property of oxygen, and proved in a decided manner that 
gaseous bodies when heated became more highly diamagnetic. Oxygen, 
which (tried in the air) is powerfully magnetic, becomes cBamagnetic wnen 
heated. A coU of platinum wire heated by a voltaic current, and 
placed beneath the poles of Faradav's apparatus, occasioned a strong 
upward current of air ; but directly tne magnetic action commences the 
ascending current divides, and a descending current flows down beitoeen 
the upward currents. 

The discovery, savs Silliman, of the highly paramagnetic character of 
oxygen gas, and of the neutral character oi nitrogen, the two con- 
stituents of air, is justly esteemed a fact of great importance in studying 
the phenomena of terrestrial magnetism. We thus see that one-fifth of 
the air by volume consists of an element of eminent magnetic capacity, 
after the manner of iron, and liable to mat physical chimges of density, 
temperature, &c., and entirely indepenaent of the solid earth. In this 
medium hang the nukgnetic needles used as tests, and as this mag- 
netic medium is daily heated and cooled by the sun's rays, its power of 
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tranamitUng the lines of magnetic force is then effected, mflnencing 
uudonbtedlj the diormJ chauges of the magnetic needle. 

Eor a complete digest of Foradaj's digcoveriea in diamagnetism the 
reader is referred to the second edition of Br. Noad'a camprehensiYe 
and learned vork entitled " A MtpniJ of Electricity." 

Coming always from the highest walks of philosophT to lower and 
" common thi«gi," one cannot nelp beins renunded oi the old-bshioned 
method of drateing vp a slof^iah fire, and the natural query is sn^ested 
whether the poker b to be considered aa a weak ma^t, and does in- 
fiaence and draw towards the fire a greater sappl; of mi^netio oxjgen 
gasP (Jig. 245.) 
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n(. M8, *> Ibemoaaahliui bright .—In ndi anight uthU."—n>lf<ir<rt<M(^rnj«. 

JX l. 

CAIi IHaTKtniZNTS. 



To ttek Out iemttan tj* of twnai to gnuljh. 
It WHtoM and ridlonlma flxcsL" 

pBBFEcnoN admitB of no addition, and it Is jaat this feeling that 
might check the most eloqneiit spe^er orbrillisiit writer who attempted 
to offer in appropriate knguage, the ])raises doe to that fint great 
crestioa of the Almi^ty, when the Spirit of God moved npon the face 
of the waters and said, " Let there be light." If anj poet mie:ht be 
permitted to laud and gbrify this transcendant gift, it shonld be the 
nsidred Milton; who baring enjojed the blessing of light, and witnessed 
the varied and besutifnl phenomena that accompany it, could, when 
afflicted b; blindness, speak rspturonsl; of its creation, in those anUime 
straina beginning wi^ — 

•"Let thets bt Ugbt' nid Ood, and forthwith Ugbt 
EtbenaL fint ot Ihingv, qmnteaunce pan, 
SpTDng from tha d«p: and from her xutira Mat 
TSi jomnej throogh ih( aitj gloom began. 



Sphandlni 
WMuati It 
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Emonm'd fhe while. God law the Ufht wu good. 
And liffht from darkneM hj the hemupheie 
Divided i liffht the day, and darknew nighty 
Henamed.'^ 

There cannot be a more glorious theme for the poet, than the vast 
utility of light, or a more subume spectacle, than the varied and beautiful 
phenomena tluit accompany it. Ever since the divine command went 
forth, has the sun continued to shine, and to remain, " till time shall be 
no more," the great source of light to the world, to be the means of 
disclosing to the eye of man all tne beautiful and varied hues of the 
organic and inorganic world. By the help of light we enjoy the pris- 
matic colours of the rainbow, the lovely and ever changing and ever 
varied tints of the forest trees, the flowers, the birds, and tne insects ; 
the different forms of the clouds, the lovely blue sky, the refreshing 
green fields; or even the graceful adornment of ''the fair," their b^utifiU 
dresses of exquisite patterns and colours. Light works insensibly, and at 
all seasons, in promoting marvellous chemical chanja^es, and is now fairly 
engaged and used for man's industrial purposes, m the pleasing art of 
photographv; just as heat, electricity, and magnetism, (all imponderable 
and invisible agents,) are emploved usefully in other ways. 

The sources from whence light is derived are six in number. The 
first is the sun, overwhelming us with its size, and destroying life, 
sometimes, with his intense heat and light, when the piercing ravs are not 
obstructed by the friendly clouds and vapours, which temper and mitigate 
their intensity, and prevent the too feCquent recurrence of that quick aiul 
dire enemy to man, the coup de soleil. 

The body of the sun is supposed to be a habitable globe like our own, 
and the heat and light are possibly thrown out from one of the atmo- 
spheric stnta surrounding it. There are probably three of these strato^ 
the one believed to envelope the body of th&sun, and to be directly in 
contact with it, is called the cloudy stratum ; next to, and above this, is 
the luminous stratum, and this is supposed to be the source of heat and 
|i?ht ; the third and last envelope is of a transparent caseous nature. 
These ideas have originated from astronomers who nave carefully 
watched the sun and discovered the presence of certain black spots 
called Maeulay which vary in diameter from a few hundreds of miles to 
40 or 50,000 miles and upwards. There is also a sreyish shade sur- 
rounding the black spots called the Penumbra, and likewise other spots 
of a more luminous character termed Faeula; indeed the whole disc of 
the sun has a mottled appearance, and is stippled over with minute 
shady dots. The cause of this is explained by supposing that these 
various spots represent openings or breaks in the atmospheric strata^ 
tlj-ough which the black body of the sun is apparent or other portions 
of the three strata, just as if a black ball was covered with red, then 
with yellow, and finally with blue silk : on cutting through the blue the 
yellow is apparent ; by snipping out pieces of the blue and yellow, the red 
becomes visible ; and oy shcing away a portion of the three silk coverings 
tha black ball at last comes into view. On a Similar principle it is 
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supposed that tliD Tuiet; of spots and , . 

eruptions on the sn&'s face or disc . '/ 

tavj be explained. The evolution of j / / (' 

light is not, however, confined to the / // , ■/ ■, . 

snn, and it emanates freely from ter- I •' / '''' /// 4/ 

resteiftl matter by mechanical action, ' 'I i//' //^ // 

either by friction, or in some cases by / f ^ /l/fU "'/ '////' 

mere percussion. Thoatheaxlea / /// '' ' ' 

of railway carriages soon become / / , flli i/i, i •// /// , 

red hot by friction if the oU holes // j I// /////,/////// / 
are stopped ap ; indeed hot axles 
' are vety frequent in rtulway tra- 
Telling, and when this happens, 

a strong smell of barmng oil 1 1 1 1 /, '//''/ -///^/,^/^X 



i!ii'//m//A 



under the action, 
viz., the friction 
if a sof tiron disc revolv- 
og with great velocity 
igainst a file or othnr 
nnvenient piece of har- 
tened steel. fFig. 347) 
stand has a disc of soft 
Led apon an aiis, which 
'A on two anti-friction 
of brass. The disc, by 
of a belt worked over a 
immediately below it, is 
o" perfonn 6000 revolu- 
per minnte. If the 
: file is pressed against 
^ of the revolving disc, 
ocitT of the latter pro- 
sufficient heat by the 
notion to melt tliat por- 
the file which is brought 
act with it, whilst some 
38 of the file are torn 
away with violence, and being 

mofittd. 
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projected into the air, burn with that beautifdl e£Pect so peculiar to 
steel. If the experiment is performed in a darkened room, the pe- 
riphery of the revolving disc will be observed to have attained a 
luminous red heat. Thirfcy years a^ every house was provided with a 
"tinder-box" and matches to ''strike a light." Since the advent of 

Srometheans and lucifers, the flint and steel, the tinder, and the matches 
ipped in sulphur, have all disappeared, and now the box m^ht be 
deposited in any antiquarian museum under the portrait of Guv lawkes, 
and labelled, " an instrument for procuring a light, extensively used in 
the early part of the nineteenth century." (Eig. 248«) 






Fig. 246. o. ThesteeL b. The flint, s. The tinder, d. The matches of the 

old-fiuhioned tinda-boz, a. 

The rubbing of a piece of wood (hardened by fire, and cut to a point) 
agsdnst another and softer kind, has been used from time immemorial 
by savage nations to evoke he«it and light ; the wood is revolved in the 
fashion of a drill with unerring dexterity by the hands of the savs^ge, 
and being surrounded with light chips, and gently aided by the breath, 
the latent fire is by great and incessant labour at last procured. How 
favourably the modem lucifers compare with these laborious efforts ' of 
barbarous tribes ! a child m&j now procure a %ht with a chemicaUj 
prepared metal, and great merit is due to that person who first devised 
a meiihod of mixing together phosphorus and chlorate of potash, and so 
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lotion, or the increase of heat in & solid bod;, is another Bonrce of 
light, and is well illustrated in the production of illuminating power 
from the combustion of tallow, oil, wax, camphine or coal gas. Tha 
term iffni(im is derived from the Latin {iffxu, fire), and is quite distinct, 
and has a total!; different meaning from that of eombiulioK. If a glass 
jar is filled with carbomc add gas, and a little traj placed in it containing 
some gOD cotton, it will be found impossible to fire the latter with a 
lighted taper, >'.«. bj combustion (comAhto, to bum), because the gaa 
extinguishes flame whidi is dependent on a 
supp^ of oijgen ; whereas if a copper or 
other metallic wire is made red hot or ignited, 
the carbonic acid has no effect upon the heat, 
and the red hot wire being passed through 
thegas, the gun cotton is umnediatctj fired. 

Mame consists of three parts — viz., of aa 
outer film, which comes dWstlj in contact 
with the air, and has little or no luminosity ; 
also of asecondfihn, where cacbonis deposited, 
and, first by iffnitioit, and finally by com- 
bustion, produces the light; and thiridly, of 
an interior space containing unbumt gaa, 
which is, as it were, waiting its turn to reach 
the external air, and to be consaiaed in the 
ordinary manner. (Fig. 349.) 

Chemical action and electricity have been 
so frequently mentioned in this work as a 
source of heat and light, that it will be nn- 
necessary to do more than to mention them 
here, whilst phosphorescence (die sixth 
sooTce of light) in dead and living matter, 
a spontaneous production of light, is well 
known and exemplified in the " glow-wonn," 
the "fire-fiy," the luminosity of the water of 
the ocean, or the decomposing remains of 
certain fish, and even of human bodies. Phos- 
phorescence is still more curiously exempli- 
fied by holding a sheet of white paper, a cal- 
cined oyster-uiell, or even the hand, in the 
snn's raja, and then retiring quickly to a 
daxkenea room, when they appear to be lu- 
minous, and visible even after the light has 
ceased to fall upon them. ito a«. * obOh *"" 

Tor the purpose of eiamiaing the tempo- loSwAkih, t iiwrrH"-. 

rary phospaorescence of various bodies, M. *u^ i* t>*diT «pBii«i nith 

Becqnerd has invented a most ingenious in- £^ES,S||'J?S1^ iTta 

Btnuneot, called the " pnosphorescope." It intal«ic^iriiilJB ' 

s2 
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consists of a cylinder of wood one inch in diameter and seven inches, 
long, placed in the angle of a black box with the electric lanip inside,! 
so that three-fourths of the cylinder are visible outside, ana the re* 
maining fourth exposed to the interior electric light. 

By means of proper wheels the cylinder, covered with any substance 
(such as Becquerel's phosphori), is made to revolve 300 times in a 
second, and by using this or a lesser velocity, the various phosphoric 
are first exposed to a powerful light and then brought in view ot the 
spectator outside the box. 

It is understood that light is produced by an emanation of rays from 
a luminous body. If a stone is thrown from the hand, an arrow shot 
from a bow, or a ball from a cannon, we perfectly understand how either' 
of them may be propelled a certain distance, and why they may travel 
through space ; but when we hear that light travels from the sun, which 
is ninety-five millions of miles away from the earth, in about seven 
minutes and a haU*, it is interesting to know what is the kind of; 
force that propels the light through that vast distance, and also what is' 
supposed to be fine nature of the light itself. 

Tnere are two theories bv which the nature of light, and its propaga- ' 
tion through space, are explained ; they are named after the cdebrated 
men who proposed them, as also from the theoretical mechanism of their re- 
spective modes of propulsion : thus we have the Newtonian or corpuscular 
tneory of light, and the Huyehenian or undulatofytheoTj; the first named 
after Sir Isaac Newton, ana the second after Huyghens, another most 
learned mathematician. Many years before Newton made his grand dis- 
covery of the composition of lignt in the year 1672, mathematicians were in 
favour of the unttulatotyiheorj, and it numbered amongst its supporterar^ 
not only Huyghens, but*I)escartes, Hook, Malebranche, and other learned 
men. Mankmd has always been glad to follow renowned leaders, it is 
so much easier, and is in most cases nerhaps the better course, to resign 
individual opinion when more learned men than ourselves not only adopt 
but insist upon the truth of their theories ; and this was the case with 
the corpuscular theory, which had been written upon systematically and 
supported by Empedocles, a philosopher of Agrigentum in Sicily, who 
lived some 444 years before the Christian era, and is said to have been 
most learned and eloquent; he maintained that light consisted of 

£ articles projected from luminous bodies, and that vision was performed 
oth by tne effect of these particles on the eye, and by means of a visual' 
infiuence emitted by the eye itself. In course of time, and at least 200O 

?'ears after this theory was advanced, philosophers had sradually rejected 
he corpuscular theory, until the great Newton, about thi middle' 
of the seventeenth century, advanced as a champion to the rescue, and' 
stamping the hypothesis with his approval, at once led away the whole" 
army of philosopners in its favour, so that till about the beginning of the 
nineteenth century the whole of the phenomena of light were exphuned' 
upon tiiis hypothesis. 

^ The corpuscular theoij, reduced to the briefest definition, supposes 
light to be really a material agent, and requires the student to believe 
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that this ij^ent consists of particles so inconceivably minute that they 
conld not be iveighed, and of coarse do not gravitate ; the corpuscles are 
supposed to be given out bodiW (like sparks of burning steel from a 
'gerb firework) from the sun, the fixed stars, and all luminous bodies ; to 
travel with enormous velocity, and therefore to possess the property of 
inertia; and to excite the sensation of vision by striking boduy upon 
the expanded nerve, the retina, the (}uasi-mind of the eye. Dr. loung 
remarKS, "that according to this projectile theory the force employed in 
the free emission of light must be al)out a million million times as great 
as the force of gravity at the earth's surface, and it must either act with 
equal intensity on all the particles of li^ht, or must impel some of them 
through a greater space than others, if its action be more powerful, since 
the vdocity is the same in all cases — ^for example, if the projectile force 
is weaker with respect to red light than with respect to violet light, it 
must continue its action on the red rays to a greater distance than on 
the violet rays. There is no instance m nature besides of a simple pro- 
jectile moving with a velocity uniform in all cases, whatever may be its 
cause ; and it is extremely difficult to imagine that such an immense force 
of repulsion can reside in all substances capable of becoming luminous, 
so that the light of decaying wood, or two pebbles rubbed together, may 
be projected precisely with the same velocity as the light emitted by 
iron burning in oxygen gas, or by the reservoir of liquid fire on thie 
surface of the sun. iTow one of the most striking circumstances 
respecting the propagation of light, is the uniformity of its velocity in 
the same medium. Tnese and other difficulties in the application of the 
corpuscular theory aroused the attention of the late Br. Young, and in 
. the year 1801 he again revived and supported the neglected undulatoiT 
theory with such great ability that the attention of many leamea 
mathematicians was directed to the subject, and now it may be said 
that the corpuscular theory is almost, if not entirely, rejected, whilst 
the undulatory theory is once more, and deservedly, used to explain 
. the theory of fight, and its propagation through space. By this hypo- 
thesis it IS assumed that the whole universe, including the most minute 
pores of all matter, whether solid, fluid, or gaseous, are filled with a 
bighly elastic rare medium of a most attenuated nature, called eiier, 
possessing the property of inertia but not of gravitation. This etAer is 
not light, but light is produced in it by the excitation on the part of 
Imninous bodies of a vibratory motion, similar to the undulation of 
water that produces waves, or the vibration of air affording sound. 
Water set in motion produces waves. Air set in motion produces waves 
of sound. Ether, i,e, the theoretical ether pervading all matter, like- 
wise set in motion, produces light. The nature of a vibratory medium 
is indeed better understood by reference to that which we know 
. possesses the ordinary properties of matter — ^viz., the air ; and by tracing 
out the analogy between ike propagation of sound and light, the diffi- 
culties of the undulatory theory very quicklv vanish. To illustrate 
vibration it is only necessary to procure a nnser class, and having 
supported a little ebony ball attadied to a aUk tnreaa by a bent brass 
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•wire direcUy over it, so that the ball mftj touch either the outside or 
the inside of the ^lass» attention must be directed to the quiescence of 
the ball vhen a violin bov is lightly moved over the ed^ of the glass 
without producing sound, and to the contrary efPect obtained by so 
moving and pressing the bow that a sharp sound is emitted, when iio- 
mediately the little oall is thrown off from the edge, the repulsive action 
being continued as long as the sound is produced by the vibratioa of 
the glass. (Fig. 250.) 




Fig. 2S0. A. The finger glMs. b. The violin bow. a. The ebony ball. The dotted baD 
showB how it is repelkd doling the vibration of the glass. 

Here the vibrations are first set up in the glass, and being communi- 
cated to the surrounding air, a sound is promiced ; if the same experi- 
ment could be performed in a vacuum, the glass might be vibrated, but 
not bein^ surrounded with air, no sound would be produced. This fact 
is proved by first ringing a bell with proper mechanism fixed under the 
receiver placed on the air-pump plate ; tne sound of the bell is audible 
until the pump is put in motion and the receiver gradually exhausted, 
when the nii^gT i^oise becomes fainter and funter, until it is perfectly 
inaudible. This experiment is made more instructive by gradually 
admitting the air again into the exhausted vessel, and at the same time 
ringing the bell, when the sound becomes gradually louder, until it 
attains its foil power. The sun and other luminous bodies may be 
compared to the finger glass, and are supposed to be endowed 
naturally with a vibratory motion (a sort of perpetual ague), only 
instead of the air bein^ set in motion, the ether is supposed to be 
thrown into waves, which travel through space, and convey the 
impression of light from the luminous object. Another familiar 
example of an undulatory medium is shown by throwing a stone 
into a pool of water; the former immediately forces down ana displaces 
a cert^ number of the particles of the latter, consequently the sur- 
rounding molecules of water are heaped up above their level ; by the 
force of gravitation they again descend and throw up another wave, this 
in subsicung raises another, until the force of the original and loftier 
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wvn diea tunj at tite edge of die pool into the fomtest lippks. It 
mut howercr be nndrastood that it u not the particles of voter flnt 
nt in motion that travBl and spread out m. mncentric citdes; 
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bnt the force is propagnted hy the risii^ and falling of ewji aepamte 
particle of water as it is distnrbed bj the momentom of the deecendine 
vare before it. When st«iidiiig at a pier-head, or on a rock sfninst 
which the sot dashea, it is osnal to hear the ob»eryer cry out, if the 
ireatlier.iB atoimj and the waves verf h%li, " Oh ! here cornea a great 
ware!" as if the water travelled bodilj from the spot where it waa first 
noticed, whereas it is simpl; the force that travels, and is ei.erted finallf 
cntthewatei nearest the rock. It isinfactaprogressiTe action, jost aa 
the wind sweeps over a wide field of com, anab^ds down the ears one 
after the other, giving them for tile time the ^jpearanoe of waves. The 
priocmle of aoccessive action ia well shown hj placing a uiuaber of 
tnUiaia balls in a row, and touching each other; if the firat ia struck Uie 
motion is oommanieated throngh tjie rest, which remain immovablcL 
whilst the last only flies out of its place. The force travels through all 
the balls, which simply act as carriers, their motion is limited, and the 
hut only changes its position. Frogreasive movement is also well di»- 




played by arranging six or dght magnetized needles on ptnnts m a tow, 
with all their n»S poles in one direction. (Fig.2B8.) 
On approaching the north pole of a bar magnet to the same pola of 
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^ one end of the series of needles, it is very carious to see them turn in the 
opposite direction progressively, one after the other, as the repulsive 

: power of the bar magnet gradually operates upon the similar poles in the 
magnetic needles. The undulations oi the waves of water are also perfectly 
shown by using the apparatus consisting of the trough with tne glass 
bottom and screen above it, as described at page 10. The transmission 
of vibrations from one placo to another is also admirably displayed in 
Professor Wheatstone's Telephonic Concert (see page picture), where 
the musical instruments, as at the Pol^echnic, were placed by the 
author in the basement, and the vibration only conducted by wooden 
rods to the sounding-boards above, so that the music was laid on like 
gas or water. These vibrations or uidulations in air, water, and the 
theoretical ether, have therefore been called waves of water, waves of 
sound, and waves of light, just as if three clocks were made of three 
different metals, the mechanism would remain the same, though the 
material, or in this case the medium, be different in each. 

Any increase in the number of vibrations of the air produces acute, 
whilst a decrease attends the grave sounds, and when the waves succeed 
each other not less than sixteen times in a second, the lowest sound is 
produced. Light and colours are supposed to be due to a similar 
cause, and in order to produce the red ray, no less than ^17 millions of 
millions of vibrations must occur in a second of time ; the orange, 506 ; 
yellow, 535; green, 577; blue, 622; indigo, 658; violet, 699; and 
white light, which is made up of these colours, numbers 541 millions of 
millions of undulations in a second. 

Although light travels with such amazing rapidity, there is of course 
a certain time occupied in its passage through space — ^there is no such 
thing as instantaneity in nature. A certain period of time, however small, 
must elapse in the performance of anj act whatever, and it has been 
proved by a careful ooservation of the tmie at which the eclipses of the 
satellites of Jupiter are perceived, that light travels at the rate of 
192,500 miles per second, and by the aberration of the fixed stars, 
191,515, the mean of these two sets of observations would probably 
afford the correct rate. Such a velocity is, however, somewhat difficult 
to appreciate, and therefore, to assist our comprehension of their great 
magmtude. Sir J. Herschel has given some very interesting comparative 
calculations,, and coming from such an authority we can readily believe 
them to be correct. 

"A cannon-ball moving uniformly at its greatest velocitv would 
require seventeen years to reach the sun. Light performs the same 
distance in about seven minutes and a half. 

'' The swiftest bird, at its utmost speed, would require nearly three 

weeks to make the tour of the earth, supposing it could proceed without 

stopping to take food or rest. Light performs the same distance in 

less time than is reauired for a single stroke of its wing." 

Dismissing for the present the theory of undulations, it will be 

^necessary to examine tne phenomena of light, regarding it as radiant 
matto*;, without reference to either of the contending theories. 
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■ Light isaoes &om the sim, pusea through millioiu of miles to tho 
eaith, and as it faUs upaa different substances, a Tsiiet; of effects are 
apparent. There is a cert^ clais of bodies whieh obstnict the passage 
(n the rajB of light, and vhere light la not, a shadow ia cast, and toe 
snbstance prodncing the sbadov is said to be opaque. Wood, stone, 
the metals, charcoal, are all examples of opacity ; whilst glass, talc, and 
honi allow a certain number of the rajs to travel throogh their par- 
ticles, and are therefore called transparent. Nature, however, never 
indulges in sudden extremes, and as no substance is so opaaue as not 
(when reduced in thickness) to allow a certain amount of lignt to pass i 
through its substance, so, on the other hand, however transparent a 
hodj maj be, a greater or lesser number of the rajs are alwajs stopped, 
and hence opsci^' and transparency arc regarded as two extremes of a 
long chain ; being connected together bf numeroos intermediate links, 
ihej pass bj insensible gradations the one into the other. 

is a gold leaf, which is about the one two-hundredth part of an inch 
in thicuiesB, is fixed on a elass plate and held before a light, a green 
colour is apparent, the gold appearing like a green, semi-transpai«nt 
substance. When plates of glass are hud one above the other, and the 
flame of a candle observed through them, the light decreases enor- 
iDouslv as the number of gUss-plat^ are increased. Even in the air a 
considerable portion of light is mtercepted. It has been estimated that 
of the horisontal snnbeams passing thitingh about two hnndred miles of 
air, one two-thousandth part only reaches us, and that no sensible light 
can penetrate more than seven hundred feet deep into the sea ; conse- 
queatl;, the vast depths discovered in lajing the Atlantic lelegn^ 
must be in absoliite darkness. 

Li^t is tbiown out on 
all sides from a lominons 
bodj like the spokes of a 
cwt-wheel, and hi the ab- 
sence of anj obstruction, the 
n;s are distributed equallj 
on all sides, diverging like the 
radii drawn from the centre 
of a circle. As a natural 
consequence arising &om 
the dive^ence of each raj 
from the other, the intensity 
of light decreases as the 
distance from the luminous 
aonrce increases, and vice 
tend. Perhaps the best me- 
diBnical notion of this law 
is afforded by an. ordinan 
fan ; the point from which. 

'the sticks radiate, and where 

:tb^ all meet, may be Fig, sui 
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termed the light; the sticks are the raja pioceeding from it. (Fig, 

The Eui is held in one hand, and the first finder of the otb^ can be 

made to touch all the sticks if placed sufficientTj near to a ; and anp- 

poiiug the sticiu are called rays of light, the intensitf moat be great at 

that point, becanae all the rajs &11 npon it ; but if the finger is remored 

. towards the cater edge — viz., to £, it now onlj touches some three or 

I four sticks ; aud pursuing the analogj, a veir few rajs fall npon that 

point — hence the tight has decreased m intensitT, or to speak correctly, 

. "Light decreases inyecaeij as the squares of the distance." This law 

has already been illustrated at page 13 ; and as an experiment, t' 



transparent screen divided into squares by dark lines, so that the light 
at a certain distance illuminates one of them ; then it will be found that 
at twice the distance, four mi^ be illominated, at three times nine, aud 
Mon. (Fig. S54.) 



Upon this law is based the iise of photometers, or instmments for 
measorin^ light, and supposing it was required to estimate roughly tlio 
illaminatmg power of auy lamp, as compared with the light of a wax 
candle six to the pound, the experiment shoohi be condocted in a daik 
room, from which erery other hght but that from the lamp and candle 
under examination must be excluded. 

The lamp, with the chimney only, is now placed say twelve feet from 
the wall, and a stick or rod is placed upright and about two inches from 
the latter, so that a shadow is cast on the wall; if the candle is now 
lighted and allowed to bum up properly, two shadows of the stick will 
be apparent, the one from the lamp Iwing black and distinct, and the 
other from the candle extremely fiuut, until it is approached newer the 
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irall— flay to within three feet — ^when the two shadows may be now 
equal in olackness. (Fig. 255.) After this is apparent to one or more 




Jig. 26S. A. The lamp. b. The oendle. c. The rod throwing the two shadows; marked 

D and X, on a white wall or s sheet of paper. 

persons, the distances of the lamp and candle from the wall are carefully 
measured, and being squared, and the greater divided by the lesser 
number, ike quotient gives the illuminating power. Eor example : 



The lamp was 12 feet from the wall 
The candle was 3 feet 



M 



12 X 12 = 144. 
3x 3= 9. 



9 )144 
16 



Therefore the illuminating power of the lamp is equal to 16 wax candles 
six to the pound. 

There are other and more refined means of working out the same 
fact, but for a rough approximation to the truth, the plan already de- 
scribed wiU answer very fairly. 

A most amusing effect can be produced on the principle that ereiy 
light casts its own shadow, called the ** dance of death," or the "dance of 
the witches ;" either of these agreeable subjects are drawn, and tiie out- 
lines cut out of a sheet of cardboard. If a wet sheet is stretched or hung 
on one side of a pair of folding doors partly open, and between whii£ 
the cardboard is tacked up, and the space left at the top and bottom 
closed with a dark doth, directly the room before the sheet is 
darkened and a lighted candle held behind the figure cut out in the 
cardboard, one shadow or image is thrown upon l£e sheet, and these 
shadows may be increased according to the number of candles used, and 
if they are held by two or three persons, and moved up and down, or 
sideways, the shadows foUow the direction of the candles, and present 
the appearance of a dance. (Fig. 256.) 
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Fig. 247. "Beliiiiiltheenrtiilii." 
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Another jtxj comic effect of ihadow is itut stlled " jomping up lo 
the eeiliiig," and when cairied ont on a large scale bj the author on on 
KKKmona aheet anspended in the centre transept of tke Cryatal Palace, 
a-j~L — ^ ji 1^ ^ jQ^ langhable effect, and canaed the greatest 
it to the children of allages. (Fig. 358.) 



ng.m. TbelugtublteflMofUuihidoniitthsCiTililFdics, 

This reij telling resnlt ia prodaced hj plaoog an oijr-hfdroMU light 
aome feet beliind a laige sheet, and of coarse if an; one possea Detveen 
the two B shadoT of the indiridual is cast upon the sheet, then b; 
miking towards the light the figure diouDishes in sise, and bj jomping ' 
over it the shadow appeata to go op to the ceiling, and to come down 
when the jomp is mode in the oppcMite direction DTer Uie li^t and tpwaids 
the aheet. The ralioHok <^ this e^oiment is Terj aimpU^ and is 
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another proof of the distribution of light from a luminous source being 
in every direction. By jumping over the light the radii projected from 

the candle over the sheet are 
crossed, and the shadow rises or 
falls as the figure passes upwards 
or downward. (Fig. 259.) 

A beam of light is defined to 
be a collection of rays, and it is 
a convenient definition, because 
it prevents confosion to speak 
only of one ray in attempting to 
explain how light is disposed of 
under peculiar circumstances. 

The smallest portion of light 
which it is supposed can be se- 
parated is therefore called a ray, 
and it will pass through any me- 
« — -„ ^x ^ . dium of the same density in a 

Fig. 259. The rays ofllghtmarkedABCBB «p-fpp+lv Q+raialif linP • biit if it 

proceeding from a lighted candle or oxy-hydro- peneciiy Straignu Unc , DUt 11 11 

Sn light. The arrow pointing to the ri^ht passCS OUt of that medium into 

owaltow these rays are croMed in jumping another of a different density, or 

m> to the ceiling; and the second arrow, pomi- ^^""^ ^•' « «*"v*v*x'' "^"^'^y » "■■ 

ii^ to the lefti «u)ws the reverse. into any otner solia, nuid, or 

^eous matter, it may be dis- 
posed of in four different ways, being either reflected, refracted, polar- 
ized, or absorbed. 

The reflection of b'ght is the first property that will be considered, 
and it will be found that every substance m nature possesses in a^eater 
or lesser degree the power of throwing off the rays of light which fall 
upon them. Thus if we go into a room perfectly darkened, containing 
every kind of work produced by nature or art, such as flowers, birds, 
boxes of insects, rich carpets, hangings, pictures, statuary, jewellery, 
&c., they cannot excite any pleasure Decause they are invisible, but 
directly a lighted lamp is brought into the chamber, then the rays fall 
upon all the surroundmg objects, and being reflected from their surfaces 
enter the eye, and there produce the phenomena of vision. 

This connexionbetween luminous and non-luminous bodies becomes very 
apparent when we consider that the sun would appear only as an intense 
light in a dark background, if the earth was not surrounded with the 
various strata of air, in which are placed clouds and vapours that collec- 
tively reflect and scatterthe light, so as to cause it to be endurable to vision. 
It is when the sky is very clear during July or Au^t that the heat 
becomes so intense, directly clouds begin to form and float about, the heat 
is then moderated. 

Many years ago. Baron Alexander Funk, visiting some silver mines in 
Sweden, observed, that in a clear day it was as dark as pitch under- 
ground in the eye of the pit at sixty or seventy fathoms deep; whereas, on 
a cloudy or rainy day he could even see to read at 106 fathoms deep. 
Inquiring of the miners, he was informed that this is always the case, and 



THE BXFLBGKEOV OF UGHX. 271 

lefleciang upon it he imaffined very properk that it arose fiFom this 
circiii]i8taiioe-*tbat when the atmosphere is mil of douds, lis^t is re- 
flected &om them into the pit in all directions, so that thierecrf a con- 
sidnable proportion of the rays are reflected perpendicularly npon tiie 
earth; whereas when the atmosphere is dear there are no opaque bodies 
to reflect the light in this manner, at least, in a sufficient quantity, and 
rays from the sun itself can never fiedl perpendicularly in Sweden. The 
use of reflecting surfiioes has now become quite common in all crowded 
cities, and espemUy in London, where even the rays of light are too few 
to be lost, and flat or corrugated mirrors are placed at various an^es, 
either to throw the li^t from the outside on the white-washed oaJing 
within, and thus obtam a better diffused lig^t through the apartment, 
or it is reflected bodily to some back room, or rather dark Inick box, 
where perhaps for half a century candles have been required at an 
early hour in the afternoon. The brilliant cut in diamonds is such an 
arrangement of the posterior facets, or cut faces of the jewel, that all 
light reaching them shall be thrown back and reflected, and thus 
impart an ex&aordinary brilliancy to the gem. 

The intense glare of snow in the Alpine regions has long been noticed, 
and the reflected light is so powemd, that philosophers were even 
diBgmed to believe that snow possessed a natural or inherent lumi- 
nosity, and gave* out its own nght. Mr. Boyle, however, disproved 
tiiis notion by placing a quanti^of snow in a room from which all 
foreign lk;ht was excmded, and neither he nor his compamon could 
observe tnat any light was emitted, although, on the principle of 
momentary phosphorescence, it is quite possible to conceive that if the 
snow was suddenlv brought into a darkened room after exposure to the 
rays of the sun, tnat it would give out for a few seconds a perceptible 
li^t. In trying such an experiment, one person should expose the 
snow to the sun, and hm^ it mto a perfectly darkened room to a second 
person, whose eyes would he ready to receive the faintest impression of 
light, uid if any phosphorescence existed, it must be apparent 

The proper^ of reflection is also illustrated on a grand scale in the 
iUuminaticm of our satellite, the moon, and the various planetary bodies 
which shine bv lig^t reflected from the sun, and have no inherent self- 
luminosity. Aristotle was well aware that it is the reflection of lig^t 
from the atmosphere which prevents total darkness after the sun sets, 
and in places where the sun's rays do not actually fall during the day- 
time. Me was also of opinion that rainbows, halos, and mock suns, 
were all occasioned by the reflection of the sunbeams in different cir- 
cumstances, b^ which an imperfect image of the sun was produced, the 
colour anij b^ng exhibited, out not the proper figure. 

The image, Anstotie says, is not single, as in a mirror, for each drop 
of rain is too small to reflect a visible image, but the conjunction of aU 
the images is visible. Aristotle ascribed a& these effects to the refleetion 
of light, and it will be noticed when we come to the consideration 
of the refraction of light, that of course his views must be seriously 
modified. 
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The reflection of light is affected rather by the cctedition of the> 
surface than the whole body of a sabstance, as a piece of coal maj^ 
be covered with gold or silver leaf and caused to shine, whilst thie 
brightest mirror is dimmed by the thinnest film of moisture. 

From whatever surface light is reflected, it always takes place in 
obedience to two fixed laws. 

First. Tie ineideni and refUeted rays always lie in the same plane. 

Second. The angle of incidence is equal to the angle of reflection. 

With a single jointed two-foot rule, both of these laws are easily' 
illustrated. Tne rule may be held in the hand, and one end bein^ 
marked with a piece of white paper may be called the incident ray, i.e,, 
the ray that &lis upon the surface ; and the other is the reflected ray, 
the one cast off or thrown back. A perpendicular is raised by holding* 
a stick upright at the joint. (Fig. 260.) 




Fig. 900. A v. A two foot rale ; the end ▲ vm be termed the inddent ray, and the end 
3> the reflected rar. a. The itick hdd perpendionlarly. The angle ▲ b c is eqaal to the' 
angle d a ^ and the whole may be moved m any direction or plan^ either honzontal or^ 
perpendicnur. e e. Hie reflecting sorfluM. 

One of the most simple and pleasing delusions produced by the reflec- 
tion of light, is that afforded by cuttmg through the outline of a vase, 
or statuette, or flower, drawn on cardboard, and if certain points are 
left attached, so that the design may not M\ out, all the effect of solidity 
is given by bending back the edges of the cardboard, so that the light 
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SDT&ce on to the OUer, imparts a pecnlittrlj n[1 and marble-like 
tqipearaace, and Then the deeign is well drawn and cat, and placed in 
n good position, the illnaion ia very perfect, sod it ai^|eai8 like a solid 
foim instead of a mere design cat oat of cardboud. (Fig. 361.) 



/'I 



Vlg. ML CaidbouRl ddrign ia taae, out ntd bait tuck. Th* UgUal oudle Ii bahinl. 

Hie leaf at the side of the above jnduie is intendedto mean idea of 
tiie mode of catting oat the designs, and in this case the leaf woold be 
ont and bent back, and a small attachment slip of cardboard left to 
piereut it falling out 

^e oardboan] design ia always bent toward the light, which is 
placed behind it. As a good illostration of the importance of reflected 
tight and ita connexion with lominona bodies, a beam of light from the 



OiT-hydrogen lantern maj be allowed to pass abore the surface of a 
table, when it will be noticed that the latter is lighted np onlj when the 
beam is reflected downward by a sheet of white paper. 

By reference t« the two laws of reflection ak^y explained, it is easy 
to trace ont on paper, with the help of compasses and role, ihe effect of 
phme, concave, sua convex sorfacea on panJlel, divei^ng, or convei^ing 
rays of light, and it ma; perhsfis assist the memorv U it ia remembered 
that a pfoHe snrface meana one that ia flat on both aides, such as a 
looking-glass ; a eonvex surface is represented by the oatside of a watch- 
^ass ; a eoneaet sortace, b^ the inaide of a watch-^lass ; parallel rajs 
are 1^ the straight lines in a copy-book; divergmg and ccovergiiig 
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rays, are like tke sticks of a fan spread out as the sticks separate or 
diverge ; the sticks of the fan come together, or converge at the handle. 
The refleetion of rays from a plane surface may be better understood 
by reference to the annexed diagram. (Fig. 262.) 





Ilff. 282. AX, AV. Two diTerging rays incident on fhe plane tnifkoe, s. ad is perpen- 
ffioouur, and Is reflected back in the same direction, a i is dirergent^ add is thrown coTat 
X L. The incident and reflected rars forming equal angles, as proved by the perpendicolar, m. 
Any image reflected in a plane mirror appears as fiir oddnd it as the ol:ject is before it^and 
the dotted lines meeting at o show the apparent position of the reflected Image buiind 
the glass, as seen at o. The same &ct is also shown in the second diagran^ where the 
reflected picture i u, appears at the same distance behind the sorfkce of the mirror aa th« 
otdect, A B, is benxre it. 

By the proper arrangement of plane mirrors, a number of ftimifting 
delusions may be produced, one of which is sometimes to be met witiS 
in the streets, and is called ''the art of looking through a four-inch d^ 
board.*' The spectator is first requested to look into a tube, throu^ 
which he sees whatever may be passing the instrument at the time; 
the operator then places a deal board across the middle of the 
tub^ which is cut away for that purpose, and to the astonishment of 
the juveniles the view is not impaired, and the spectator still fancies 
he is looking through a straight tube ; this however is not the case, aa 
the deception is entirely carried out by reflection, and is explained in 
the next cut. (Fig. 263.) 

During the sie^e of Sebastopol numbers of our best artillerymen 
were continuaUv picked off by tne enemy's rifles, as well as hj cannon 
shot, and in order to put a stop to the foolhardiness and incaunousness 
of the men, a very ingenious contrivance was invented by the Eev. Wm. 
Taylor, the coadjutor of Mr. Denison in constructing, the first "Big 
Ben" bell. It was called the reflecting sp^r-glass, and by its simple con- 
struction rendered the exposure of the sailors and soldiers, who would 
look over the parapet or other parts of the works to observe the effect 
of their shot, perfectly unnecessary; whilst another form was constructed 
for the purpose of allowing the gunner to ''lay" or aim his gun in 
safety. The instruments were shown to Lord fanmure, who was so 
convmoed of the importance of the invention, tiiat he immediately 
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constructed ; and if tlie siege Imd not tenninated just et the time the 
inventiOD was to have been osed, no doubt a great BavinK (d the 
valuable liTee of the skilled artiUervmen would have been enected in 
Uie allied aimiee. The principle of the reSeotiug spj-glass maj be 
oompieheuded b; reference to Oie next cut. (Fig. 264.) 




_,j placing two mirron at an angle of 46'^ tbe reflected image of a 
penon gadng into one ia thrown into the other, and of conne tbe effect 
11 Kmevhat vtartling when a death's head and enm bones, or othei 
l8 
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cheerful subject, is introduced opposite one mirror, whilst some person, 
who is unacquainted with the delusion is looking into the other. Two 
adjoining rooms might have their looking-glasses arranged in that 
manner, provided there is a passage running behind them. (Fig. 265.) 




B 



s> 
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Fig. 286. A. A mirror at n angle of 46 dagteeu Tlie ancm ahow tbe direction of the 
reflected image, b. Tlie second mirror, also at an angle of 46 degrees; the fiuse of the 
person looking in at ▲ is reflected at b. o is the partition between the rooms. 

One of the most startling effects that can be displayed to persons 
ignorant of the common laws of the reflection of light, is called the 
*' magic mirror," and is described by Sir Walter Scott in his graphic 
story of that name. The apparatus for tae purpose must 1^ well 
planned and fixed in a proper room for that purpose, and if carefully 
conducted, may surprise even the learned. A long and somewhat 
narrow room should be hung with black cloth, and at one end may be 
placed a large mirror, so arranged that it will turn on hinj^ like a aoor. 
(Die magician's circle may be placed at the other end of tne chamber in 
which the spectators must be rigidly confined, and there is very little doubt 
that the arrangement about to be described was formerly used by clever 
astrologers who pretended to look into the future, and to hold commu- 
nication with the supernatural powers. The credulity of the persons 
who consulted these ''wise men," is not surprising when we consider 
the ignorance of the public genendl^r of common physical laws, and of 
the wonders that may be worked withoirfc the assisumce of the " evil 
one ;" moreover, the initiated took great care to conceal the machineij 
of their mysteries, never imparting the illusive tricks even to their 
most faithful dependents except under solemn oaths of secresy, because 
they derived in many cases considerable profit by their pretended conju- 
rations and juggling tricks, and therefore were interested in keeping the 
outer world in ignorance. The wizards were always careful to impress 
those who came to consult them with the awful nature of the incanta- 
tions they were about to perform, and with such a powerful auxiliary as 
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fear, and a well-darkened room, they diverted the thoughts of the more 
cnrions, and prevented them watching the proceedings too closely. 
Theatrical effects were not disdained, such as suppressed and dismal 
{proans, sham thunder, and the wizard usually neightened his own 
inspiring personal appearance by wearing of course a lon^ beard and 
flowing rooe trimmed with hieroglyphics, and with the assistance of a 
ponderous volume full of cabalistic signs, a few skulls and cross bones, 
an hour-fflass, a pair of drawn swords, a black cat, a charcoal fire, and 
sundry £rugs to throw into it, a very tolerable collection of imps, 
familiars, and demons, might be expected to attend without the modem 
practice of spirit-rapping. As before stated, the delusion must be eare- 
rully conducted, ana a confederate is necessary in order to use the 
phantasmagoria, or magic lantern. The slides of course were painted to 
suit the fortune to be unfolded — ^an easy road to riches for tne gentle- 
men, a tale of love, ending in matrimony, for the ladies. 

The spectators being p&ced in the magic circle, are directed to look 
into the mirror; the^ mav even be ordered singlv to fetch a skull off 
the mantel-shelf beside the mirror, and whilst doins so to look full 
into the mirror, and then return to the circle. Absolute silence is 
enjoined, and soft music is now heard; the darkened room is lit up for 
the moment by a little yellow or green fire thrown on to the charcoal 
fire, and now looking into the mirror, it no longer reflects surrounding 
objects, but a picture, at first small and faint, and then gradually 
becomiuj^ large and clearer, is apparent. The picture is made visible by 
the coniederate gently drawing the mirror from its position paralld 
with the frame to an angle of 45 degrees, and then throwing on from 
the side a picture from a magic-lantern. The picture is small and in- 
distinct whilst the confederate holds it near the mirror and out of focus, 
but as he moves backwards and focuses the lenses, the picture gradually 
increases in size, and the refiecting angles having been well planned 
beforehand, only those in the circle will be able to see the picture, and 
great fun may be elicited from the magic mirror by pretending to tell 
the future fate of a very slim person, and introducang him by a- suc- 
cession of pictures which gradually assume a John Bull rotundity of 
figure, surrounded by dozens of children; whilst to young ladies who are 
engaged, a provoking picture of an old maid may be introduced ; indeed, 
there is no end to nie innocent fun that may be extracted from the 
magic mirror, and the whole plan of the delusion may be better understood 
by reference to the next picture. (Fig. 266.) 

Monsieur Salverte very properly remarks that "man is credulous 
from his cradle to his tomb ; but the disposition springs from an 
honourable principle, the consequences of which precipitate him into 

many errors and misfortunes The novelty of oojects, and the 

difficulty of referring them to known objects, will not shock the 
credulity of unsophisticated men. They are some additional sensations 
which he receives without discussion, and their singularity is perhaps a 
charm which causes him to receive them with greater pleasure, jfan 
almost always loves and seeks the marvellous. Is this taste natural? 
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Does it spring from the education which daring many ages the human 
race has received from its first instructors ? A vast and novel question, 
but with which I have nothinj^ to do. It is sufficient to observe that 
as the lover of the wonderfuTalwavs prefers the most surprising to the 
most natural account, this last has been too frequently ne^ectec^ and is 
irrevocably lost. OccasionaUT, however (and we shall ate more than 
one instance), simple truth has escaped from the power of oblivion. 
Credulous man maybe deceived once, or more frequently; but his 
credulity is not a sufficient instrument to govern his whole existence. 
The wonderful excites only a transient aiomiration. In 1798, the 
Prench tavans remarked with surprise how little the spectacle of 
balloons affected the indolent Egyptian. . . . • But man is led by his 
passions, and particularly by hope tjad/ear" 

When parallel rajs fall upon a convex mirror, they are scattered and 
dispersed in all directions, and the imase of an object reflected in a 
convex mirror appears to be very small, being reduced in size because 
:the reflected picture i m is nearer the surface of the mirror than the 
object A B. No. 1. (Fig. 267.) 

No.L No.2. 




£ '" 7. 



Fig.267. AB^sH. (Ka2) reprMent two paxaM nrsinddait on tlMoonTexforftoe 
B H, the one (a b) perpendicolarly, the other (d h) obliquely, o is the centre of con- 
▼exity. K B is the reflected ray of the obUqne inadent one^ d k; whikt o h z is the 
perpendieiilar. 

Convex mirrors are not emploved in any optical deception on a large 
scale, although some ingenious delusions are producible from cylindrical 
and conical mirrors, ana are thus described by Sir David Brewster : 

" Among the ingenious and beautiful deceptions of the seventeenth 
eentury, we must enumerate that of the re-formation of distorted 
pictures by reflection from cylindrical and conical mirrors. In these 
fepresentations, the original image from which a perfect picture is pro- 
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dooed, is often so complete^ distorted, tLat the eye cannot trace in it 
tike lesemblouce to enj regular figure, and the greatest degree of 
wonder is of coarse excited, whether the original image is concealed or 
exposed to riew. These distorted pictures ma; be drawn bj strict 
Hometrical mles, and I have shown a simple method of eiecnting 
them. Let k be an accurate cjlinder made of tin-plate or of thi<£ 




pasteboard. Ont of the further side of it cnt a small aperture, abed, and 
out of the nearer side cat alarger one, A.BCI1 (white letters), the size of 
the picture to be distorted ; having perforated the outline of the pictore 
with small holes, place it in the openme a b c d (white letters), 90 that its 
snrface maj be cjUndrical; let a candle or abtisht luminous object — the 
smaller the better — be placed at b, as far behind the picture a b c n (white 
ktters) OS the eje is afterwards to be placed before it, and the light passinr 
through the small holes vrill represent on a horizontal plane a distorted 
image of the picture at a b c n, which, when sketched m outline with a 
pencil, shaded, and coloured, will be read; for nsc. If we now substitute 
a polished cjlindrical mirror of the same size in phce of k, then Uie 
distorted picture, when laid horizontallj at ab c r, will be restored to 
its ori^nal state when seen b; reflection at a b c n (white letters) in 
tiie pohahed mirror." The etTect of a crlindrical mirror on a distorted pic- 
tore is shown at No. 3, being copied from an old one seen b; Sic D. 
Srevrater. 

B; looking at a reflection of the face in a dish-cover or the common 
mrfaoe of a bright silver spoon or of a silver mug, tjie latter tmk 
becomes nglj as the image is seen reflected bom its andsce, and 
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aMumes the most absurd fotm aa the mouth is opened or shot^ and 
the fitce adranoed or lemoTed &om the ulvet veaaeX. (Fig. 369.) 



ng.W. DittOTtedliiucepndiiwdbjiaiingaluco 

In the writings of the ancients there are to be foond certain indica- 
tions of the results of illusions produced by simple optical arrange- 
ments, and the sudden and momentary appantion (from the gloom of 
perfect darkness) of splendid palaces, delightful gardens, &c., with 
which — the concurrent voice of antiquitj asaures us — the ejes of the 
beholders were frequently dazzled in the mysteries, such as the evocation 
and actual appearance of departed spirits, the occasional im^es of their 
«M#ne, and of the goda themselves. Prom a paasa^ in "Pansaiiias,'' 
(Boeotie xii.), nhen, speaking of Orpheus, he says there waa anciently 
at Aomos, a place where the dead were evoked, vtrvoiianTrioii, we learn 
that in those remote ages there were places set apart for the evocation 
of the dead. Homer relates, in the eleventh book of the " Odyssey," the 
admission of Ulysses alone into a place of this kind, when his int^view 
with h^ departed friend was interrupted by some fearful voice, and the 
hero, appreheoding the wrath of Proserpme, withdrew; the priests who 
managea these deceptive exhibitions no doubt adopted this method of 
getting rid of their visitor, who might become too mqoisitive, and dia- 
coverflie secret of the mysteries. 

Of ^ the reining aunaces mentioned, none produce more interesting 
deceptions ttum the concave miiror, and there is very little doubt that 
flilTer mirron of this fonn were known to the anciealA, and empbjed in 
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some of t)idr racred in?af«riM. Menu. Balrerte bu indnstrioiulj col- 
lected in his Tslnable Tork the most interesting pn>o& of their use, and 
qaotes the folloiriiig pasaaM of "DamucinB,' in which the results 
obtainable from a concaTe nuiroi are clearly apparent. (Fig. 370.) 



fig. S70. Tbe plctim oT t hsn 

if Ibe tonp]^ and not allowed ta t^ 

He says: — "In a sumifeBtation which onght not to be revealed 

there appeared on the wall of the temple a mass of Ught which 

at first seemed very remote ; it transformed itself in coming nearer into 
a face eTideatlj divine and supernatural, of a serere aspect, but mixed 
with gentleness, and eitremelj heantifuL According to the institntion 
of a mTsterious religion, tbe Alexandrians honoured it as Osiris and 
Adonis. 

Parallel lajs thrown npon a concaTC anrface are brought to a fooos 
or converge, and when an object is seen by reflection n^m a concara 
sittfoce, the representation of it is various, both with regard to its mag- 
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mtude and aitiudioii, aooording as the distance of the object from the 
reflecting surface is greater or less. (Fig. 271.) When the object is 
placed between ihe/oau of parallel rays 
and the centre, the image rails on the 
opposite side of the centre, and is larger 
num the object, and in an inverted po- 
sition. The rays which proceed from 
any remote terrestrial object are nearly 
parallel at the concave mirror — not 
strictly so, bat come diverging to it in 
separate pencils, or, as it were, bundles 
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?ig. 271. No. 1. A B, x> K remeaent two parallel i^a incident on the concave snr- 
tice B H, whose centre oi ooncaT^ is c. b v and k v are the reflected rays meeting each 
oOier in B, and A B being perpendiCTlar to the ooDcaTOwrike^ is reflected in a straight line. 
NaS. A B. The ol^jecL z x. The image. 

of rap, from each point of tiie side of the object next the mirror; 
therefore they will not be converged to a point at the distance of half 
the radius of the mirror's concavity from its reflecting surface, but in 
separate points at a little greater distance from the concave mirror. 
The nearer the object is to the mirror, the further these points will be 
from it, and an inverted imafie of the object will be formed in them, 
which will seem to hang pendant in the air, and will be seen by an eve 
pkced beyond it (with regard to the mirror), in all respects like the 
object, and as distinct as the object itself. No. 2. (Eig. 2/1.) 



Fig. 872. AB r e p re s en ts the otject^ a ▼ the reileeting 
sarfMSb B its focos of parallel rajL and c its centre. 
Throogh a and b, the extrendties or the oUect, draw 
the lines o b and o b, whidi are perpendicular to the 
vaAee, and let a b, a e, be a penal of rajs flowing 
from A. These rm proceeding from a pomt b^ond 
the fbcos of paraUel rays, will, after rraection, oon- 
Terge towards some p<nnt on the opposits side of the 
cenfare, which wHl lUl upon the pexpendiccdar, b c, nro- 
dQoed,bat at a greater distance from o than the ramant 
▲ from which thi^ diverged. For the same reason^ 
rays flowing firam b wiU converge to a point in the 
peipendicdiar b c produced, which shall be ftotherflrom 
o than the radiant b, from whence it is evident that the 
imager m is larger thanthe<^ect AB,that itlUls on 
the coalrarv side of the centre, and that their poaitiona 
are inrertM with respect to each other. 
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It appean, from a circnmBtonce in the life of Socrates, that the 
Eiffects 01 bnmng-gUsaes were known to the ancients ; aiid it is pro- 
bable that the Bomana em- 
ploy die concave epeciilnm 
for the parpose of lighting the 
"sacred fire." This is Teiy 
likelj to be trae, considerW 
that tbe priests who conducted 
the heathen worship of Osiris 
and Adonis were acquainted 
with the use of concare metallic 
specula, as already described at 
MgeSeS. The dfects that can 
bepiodnced with the aidofcon- 
we mirrors are veij impres- 
nve, because thej are not 
merely confined to the reflec- 
tion of inanimate objects, bnt 
life and motion can be well 
diiplajed by them; thus, if a 
man place himself directly be- 
fore a concave mirror, bnt far- 
ther from it than its centre of 

^■""■rkT^J^J^'-J^SiaS^,^^' "F" eonoavitj, he will see an in- 
j™™ of tb. taTKttd «d «a«ted ln«ge li, ,g^^ ^^ ^ j^^ ^ ^^^ 

air between him and the mirror 
of a leas wze than himself; and if he hold out hia hand towards the 
mirror tiie hand of the image will come out towards bis hand and 
coincide with it, being of an equal bulk when his hand is in the centre 
of concavity, and he will imagine he may shake hands with his image. 
(%. 273.) 

By usins alorge concavemirror of about three feet in diameter, the author 
was enabled to show all the results to a large audience that were osn- 
all; visible to one person onlj'. Whilst experimenting with a concave 
mirror, by holding out the hand in the manner descrioed, a bystander 
_7ii .1 ■ ^ pf ^j|g image, becanae none of the reflected rays that 

s eyes. This circumstance is well illnstrated 

.. ir opposite the fire, and allowing the image ol 

projected &om it to fall upon a well-pohshed mahogany table. If the 
door of the room opens towards the mirror, and a spectator unacquainted 
with the properties of concave mirrors should enter the apartment, the 
person woiila be greatly startled to see flames apparently playing over 
the snrface of the talue, whilst another spectator might enter from 
another door and see nothing but a long beam of light, rendered visible 
b; the floating particles of dust. To give proper effect to this experi- 
ment the concave mirror should be laree, and no other light most 
illuminate the room except that front the fire. 

On the same polished table the appearance of a planet with a re- 
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TDlTing Mtdlite maj be prettilT shown b^ dArkening the fire with a 
screen, and ptadag a lidited cauole before it, which will be reflected bj 
the Goncare mirror, and appear on the table as a brilliant star of light, 
and the satellite maj be represented by the flame of a small wax t^r 
moved around the lai^ bnming candle. The following ia the arrange- 
ment nsed bj the author at the Polytechnic Institution for the pnrppse 
of exhibiting the propertiea of the concaTe mirror. A lantern enclosing 
a TeiT brilliant light, snch u the electric or lime light, is required for 
the ulnmination of the objects which are to be projected on to the 
screw. The lautem *od electric Ump of Dnboscq was preferred, 
although, of course, anj bright light enclosed in a box, with a plain 
convex lens to project the heajn of light when required, will answer the 
purpose. (Pig. 274.) 



, ■bot41ehllfltillof 



Bj remoTing Hie diwhiagm required to project Uie picture of the 
chaicnal points on to the screen, a rer; intense beam of light is ob- 
tained, wDich maj be focussed or concentrated on anj opaque object 
l^ aaother doable oonvex lens, conrraiiently mounted with a teleaeope 
■und, BO that it maj be raised or lowered at pkasnie. This lens is 
independent <^ the lantem, and maj be nsed oi not at the pleasure of 
the operator. 

The object is now placed on a shelf fixed to the screen, with a 
aqoarc E^iertiire just above it. The ol^ect of the screen ia to cut off all 
eitraneona ibjs of light reflected from the mimir, or to increase the 
sbaipness of toe ontlme of the picture of the object. Tba screen and 
object being arranged, and the light thrown on &inn the lantern, the 
UQCt step is to adjust the concave mirror, and by moving it towards the 
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oljeoty or backwards, as the case requires, a jroodimaffe, solid and quasi- 
stereoscopic, is projected on to the screen. (Fig. 275^ 





Tig, 276. A. The ooncare mirror, b. The Umtem. o. The portable screen, shelf^ and 
oljeot. x>. The inrerted inu^ of the bottle fflling with water, with the neck downwards^ 
and when thrown on the diec at s producing a moet oorioos Uliulon. 

The act of filling the bottle with water, or better still with mercmy, 
is one of the most singular effects that can be shown ; and if all th& 
apparatus is enclosed in a box, so that the picture on the screen only i» 
apparent, the illusion of a bottle being filled in an inverted position i» 
quite magical, and invmably provokes the inquiry, how can it be done? 
The study of numismatics, the science of coins and medab, is generally 
considered to be limited to the taste of a very few persons, asiA any 
description of a collection of coins at a lecture would oe Voted a gresi 
bore, unless, of course, the members of the audience happened to be 
antiquaries ; great light, however, may be thrown on history by a study 
dT these interesting remains of bygone times, and a lecture on thi& 
subject, illustrated with pictures of coins thrown on to the disc bv a 
concave mirror in the manner described, might be made very pleasmg- 
and instructive. 

Coins, or plaster casts of coins pit, flowers, birds, white mice, the 
human face and hands, may all, when ^y illuminated, be reflected by 
the concave mirror on to the disc. A DaguerreotypNe picture at a 
certain angle appears, when reflected by the concave mirror, to be like 
any ordinary collodion negative, and aU the lights and shadows are- 
reversed, so that the face of the portrait appears black, whilst the black 
coat is white. On placing the Daguerreotype in another position, easily 
found by experiment, it is now reflected in tne ordinary manner, showing 
an enlarged and perfect portrait on the disc. In usin^ the Daguerreo* 
type the glass in nront of it must be removed. The pictures m>m tho- 
concave mirror may. be also projected on thick smoie procured £ronk 
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■nunddering damped brairn paper, or &om a mixtore of pitdi and a little 
(^rate of potash laid on paper, and allowed to Imni alowl; bj vetting 
it with water. 

An image reflected from smid^ would be visible to a number of 
spectators, just as tlie light &om the fomace fires o( the locomotive is 
frequently fisible at nigEt, being reflected on the caching column of 

It was probably with the help of some kind of smoke and the concare 
Bpeculum that the deception practised on the worshippers at the temple 
u Hercules at Tyre was earned out, as it it mentioned by Pliny that a 
consecrated stone existed there "from which the gods easily rose." 
At the temjtle of Ilsculapins at Tarsus, and that of ^^gninam in Sicily, 
the same kind of optical delnaious were exhibited as a portion of the 
TehgtouB cereoionies, fimm which no doubt the priests oDtained a vecj 
haiuaome revenue, much more than ooold be obtained in modem times 
liy the mere exhibition of such wonders at Adelaide Oalleries, Poly- 
teehnics, or Panopticons. 

Hie smoke from brown paper is very nseful in showing the various 



direc&ms of the ran of light when reflected from plane, oonrei, and 
coneave surfaces. The equal angles of the incident and reflected rays 
ma^ be perfectly shown by using the next arrangement of ^paratns. 



Vb.ITS. 1. B^iof ll^dlghlljdlmgait Imlng A«mthiIut«ii,iBdnB(indoa 
a Bttu Koon minar, wbisli brinn Uu ni> thnxt pmlkl, and nSocU them to >, ■ 
fiAoa oT looklDff.gliH, from which uiflf m igiiq nAMiad. o li ths ]'*'^\n\i, 4nd it aa 
riliiitid nj'- ■■ BEMb from bmwa vtv»r. 

A very dense white smoke is obtained by boiling in separate flasks 
(the necks of which are brought close together) solutions of ammonis 
and hydrochloric add. 

The opposite properties of convex and concave mirrors— the former 
Mattering and the latter collecting the rays of light which fall upon 
"- — "» also effectively demonstrated by the help <^ ihe same iUomi- 
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miiDg source and proper minota, the Bcooke tnuang oat pofectly the 
direction of the rays of light. (Fig. 277.) 




The smoke dereloMB the cone of rajs reflected from a coacaTO 
mirror in the most besntiful maimer, and b; prodncing plentj of 



nimvtUaht UIlBg on 0M codcm 

w dlnotadli) tha tntght potot, a, th 
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■moke, and taTning the mirror about— the position oE the focns (focM, a 
fire-place), b indicated bj a brilliant spot of light, and the reason the 
images of objects refiected by the concare mimir are reversed, maj be 
better understood by obierring how the rajs cross each other at that 
point. (Fig. 278.) , ,- t. ■ 

One of the most perfect appiicationa of the reflection of light is 
shown in the "Gregorian reflecting telescope," or in that raapuficent 
instrament constnicted bj Lord Rosse, at Parsonstown, in Ireland, 
(Fig. 279.) 



^. 27B. liHd Bdue'g gigmtic tilejoope. 

The description of nearly all elaborate optical instmoienta is some- 
what tedious, bnt we venture to give one diagram, with the exphuift- 
tion of the Gregorian reflecting telescope. (Fig. 280.) 

At the bottom of the great tube i t t t, (Fig. 280), ia placed the 
large concave mirror d d Y ;, whose principal focus is at K; and in its 
miadle is a round hole f, oppoaite to which is placed the tioaU mirror 
i^ concave towards the greater one, and so flied to a strong wire h, that 
it mav be moved farther from the great mirror or nearer to it, by means 
of a long screw ou the outside of the tube, keeping its aiis stiU in the 
same line p m n with that of the great one. Now since in viewing a 
veiT remote object we can scarcely see a point of it bat what is at leaat 
as broad as the great mirror, we may consider the rays of each pencil, 
which flow from every point of the onject, to be parallel to each other. 
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and to cover the whole reflecting surface B u v v. But to avoid oonfdsion 
in ihb figure, we shall only draw two rays of a pencil flowing from each 




Fig. 280. The Gr^forian reflectiBg teleaoope. 

extremity of the object into the great tube, and trace their progress 
through all their reflections and renractions to the eye f, at the end of 
the small tube 1 1, which is joined to the great one. 

Let us then suppose the object a b to oe at such a distance, that the 
rays b flow from its lower extremity b, and the rays c from its upper 
extremity a. Then the rays c falling parallel upon the great mirror at 
J), wiU be thence reflected by converging in the direction D o ; and by 
crossing at i in the principal focus of the mirror, they will form the 
upper extremity i of the inverted image i K, similar to the lower extre- 
mity B of the object A B ; and passing on the concave mirror l (whose 
focus is at n) they will fall upon it at ^ and be thence reflected^ con- 
verging in the direction K, because g jn is longer than g n ; and passing 
through the hole p in the large mirror, they would meet somewhere 
about r, and form the lower extremity d of the erect image a d, similar 
to the lower extremity b of the object a b. But bv passing through 
the plano-convex glass b in their way they form that extremity of the 
image at b. In like manner the rays e which come from the top of the 
object A B and fall parallel upon the great mirror at p, are thence re- 
flected converging to its focus, where they form the lower extremity k of 
the inverted image i K, similar to the upper extremity a, of the object 
A B ; and passing on to the smaller mirror L and falling upon it at h, 
they are thence reflected in the converging state h o ; and going on 
through the hole p of the great mirror, they would meet somewhere 
about q, and form there the upper extremity a of the erect image a d, 
similar to the upper extremity a of the ooject a b ; but by passing 
through the convex glass b in their way, they meet and cross sooner, as 
at a, where that point of the erect image is formed. The like beinf 
nnderstood of all those rays which flow irom the intermediate points^3 
the object, between a and b, and enter the tube T T, all the intermediate 
points of the image between a and b will be formed ; aud the rays 
passing on from the image through the eye-glass s, and through a small 
hole e m the end of the lesser tube 1 1, they enter the eye f which sees 



THB BUBNINO MIBBOB OF ABCHIMSDES. 291 

the image a d (by means of the eye-glass), under the large angle ae d, 
and magnified in leng^th, nnder that an^le, from c to d. 

To find the magnifymg power of this telescope, multiply the focal 
distance of the great mirror by the distance of the small mirror, £rom 
the image next the eye, and multiply the focal distance of the small 
mirror by the focal distance of the eyeglass ; then divide the product 
of the Latter^ and the quotient viU express the magnifying power. 
(Eg. 280.) 

We now come to that much disputed and often quoted experiment of 
Archimedes, who is stated to have employed metallic concave specula or 
some other reflecting surface by which he was enabled to set me to the 
£oman fleet anchoied in the harbour of Syracuse, and at that time be- 
sif^ing their city, in which thegreat and learned philosopher was shut up 
wiu the other inhabitants, 'xhe story hauded down to posterity was not 
deputed till about the seventeenth century, when Descartes boldly 
attacked the truth of it on philosophical grounds, and for the time 
silenced those who supported the veracity of this ancient Joe Miller. 
Nearly a hundred years after this time, the neglected Archimedes fiction 
was again examined by the celebrated naturalist Buffon, and the account 
of his experiments detailed by the author of " Adversaria^" in Chambers' 
Journal, is so logical and conclusive, that we give a portion of it verbatim. 

^' For some years prior to 1747, the French naturalist Buffon had 
been engaged in the prosecution of those researches upon heat which 
he afterwards published in the first volume of the Supplement to his 
'Natural History.' Without any previous knowledge, as it would 
seem, of ihe mathematical treatise of Anthemius ^ircpt wapado^my luf' 
X09niuKr»v\ in which a similar invention of the sixtii century is de- 
scribed,* Buffon was led, in spite of the reasonings of Descartes, to 
conclude that a speculum or series of specula might be constructed 
sufficient to obtain results little, if at all, inferior to those attributed to 
the invention of Archimedes. 

" This, after encountering many difficulties, which he had foreseen 
with great acuteness, and obviated with equal ingenuity, he at length 
succeeded in effecting. In the spring of 1747, he laid before the French 
Academy a memoir which, in his collected works, extends over upwards 
of eighty pages. In this paper, he describes himself as in possession of 
an apparatus by means of which he could set fire to planks at the distance 
of 200, and even 210 feet, and melt metals and metallic minerals at 
distances varying from twenty-five to forty feet. This apparatus he 
describes as composed of 168 plain gkisses, silvered on the oack, each 
six inches broad oy eight inches long. These, he says, were ranged in 
a large wooden frsune, at intervals not exceeding the third of an inch ; 
so that, by means of an adjustment behind, each should be moveable in 
all directions independently of the rest — the spaces between the glasses 
being farther of use in allowing the (merator to see from behind the 
point on which it behoved the various disks to be converged. 

• See Gibbim'i " I>edi]ie and FaU," ehq^ iL, MctUm v., note ^. 
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"These results ascertained, Buffon's next inquiry was how far they 
oorrdsponded with those ascribed to the mirrors of Archimedes — the 
most particular account of which is given by the historians Zonaras and 
Tsetzes, both of the twelfth century * ' Archimedes/ says the first of 
these writers, ' having received the rays of the sun on a mirror, by the 
thickness and polish of which they were reflected and united, kindled a 
flame in the air, and darted it vrith full violence on the ships which, 
were anchored within a certain distance, and which were accordingly 
reduced to ashes/ The same Zonaras relates thfit Proclus, a celebrated 
mathematician of the sixth century, at the siege of Constantinople, set 
on Are the Thracian fleet by means of brass mirrors. Tzetzes is yet 
more particular. He tells us, that when the Koman galleys were within 
a bow-shot of the city-walls, Archimedes caused a kind of hexagonal 
speculum, with other smaller ones of twenty-four facets each, to be 
placed at a proper distance ; that he moved these by means of hinges 
and plates of metal ; that the hexagon was bisected by ' the meridian of 
summer and winter ;' that it was placed opposite the sun; and that a 
great fire was thus kindled, which consumea the Koman fleet. 

"From these accounts, we may conclude that the mirrors of Archimedes 
and Buflbn were not very different either in their construction or effects. 
No question, therefore, could remain of the latter having revived one of 
the most beautiful inventions of former times, were there not one cir- 
cumstance which still renders the antiquity of it doubtful : the vmters 
contemporary with Archimedes, or nearest his time, make no mention 
of these mirrors. Livy, who is so fond of the marvellous, and Polybius, 
whose accuracy so great an invention could scarcely have escaped, are 
altogether silent on the subject. Plutarch, who has collected so many 
particulars relative to Archimedes, speaks no more of it than the former 
two ; and Galen, who lived in the second century, is the first writer by 
whom we find it mentioned. It is, however, difficult to conceiye how 
the notion of such mirrors having ever existed could have occurred, if 
they never had been actually employed. The idea is greatly above the 
reach of those minds which are usually occupied in inventing falsehoods; 
and if the mirrors of Archimedes are a fiction, it must be granted that 
th^ are the fiction of a philosopher." 

Supposing that Archimedes really did project the concentrated rays 
of the sun on the Koman vesseb, one cannot help pitying the ignorance 
of the Admiral Marcellus. Had this officer been acauamted with the 
laws of the reflection of light, he might have lau&^ned to scorn the 
power of Archimedes, and by receiving the un&iendly rays on one of 
the bright brazen convex shields of his soldiers, Marcellus could haye 
scattered the concentrated rays, and preyented the burning of his 
yesseb. 

In these days of learning it therefore appears strange to find any one 
advocating the possible use of specula or reflecting mirrors for the 
purposes of offence or defence, but M. Peyrard a few years ago proposed 

• Quoted by Fabridos in hia *<KbUoth. Gnec," yd. tt., pp. 661, 66S. 
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to prodace great effects bj moualing each mirror in a distinct frame, 
cariTii^ a telescope so that one person Mold direct the rajs to the 
object intended to be set on fiic, and he grarelj calculated, presuming 
on the ignorance of the attacked, that with 59l> glasses of about tvenly 
inches in diameter, he could reduce a fleet to ashes at the dlstauee of 
a, quarter of a league ! and with glasses of double that size at the dis- 
tance of half a mUe ! What effect a shell or shot would produce upon 
this ancient weapon is not stated; this we may safelj leaveourreaaero 
to detenrune for themsehes. The experiment of Archimedes has long 
been a faYOurite one with the bojs. {Fig. 281.) 



The totial internal reflection of light hj a column of wafer is an ex- 

periineut that admits of great variety so far as colour is concerned, and 
IS one of the most oovel and beautiful eipcriments with light presented 
to the public within tiip last few jears. The author had the pleaann 
of introducing it in the first place at the Polytechnic Institution, where 
the optical noveltj excited the greatest attention, and received &a 

S probation of her Most Gracious Majesty, and bis Royal Highness 
s Prince Consort, with Ihe Royal Family, who were pleased to pay a 
private evening visit to the Polytechnic, and amongst other thingi 
minutely examined the " lUuminated Cascade," which had been erected 
bj Mons. Duboscq of Paris. 

The illumination of the descending columns of water was obtained by 
converging the rays from a powerful electric light upon the orifice from 
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vhiclt the vater escaped, the Dnboscq lantern alreodj eipkuued bdng 
emplojed, sai in front of it were placed three CTlindera, each having a 
cirooULr window behind and oppoaite the lem, and an aperture of about 
one inch in diameter on the opposite aide for the escape of water. The 



'Fig. asa^Hg.l. i, Tha electric light. BCD. The three ^d« and lciu« of tfas 
Iintem. bis. The three ciUndon of int«r, emiih with ■ rinnilu gji« irlndow ud 
orlflcet at > 1 1, fnjm whieh the witer ud r^ of li^ht pui oat. — Fi^, a. m. BectlDD ot 
one lide of the DDbmoq laclem. i j. Cylinder of wat«4 whkh enlcn from btdow. 
£ K. The Btreaid of UlDmlntted water, l l. Bit of coloured gku held hetween th» 
bntem and the olilcm of watei. 

lantern used was of a pecuHar shape, and had three sides, the electria 
Ik;ht being in the centre of them, aod passing throu$;h three separate 
plaao-convex lenses to tJie three cylinders from which the water escaped. 
Attention may be directed to the fact that the light merely passes 
out of the orifices as a diverging beam of light nntij the Sow of water - 
commences, when the rays are immediately taken np and reflected from 
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point to point inside thearched colomn of water, and illaminaiingthe latter 
in the most lovely manner, it appears sometimes like a stream of liquid 
metal from the iron fomaoe, or like limiid raby class, or of an amethyst 
or topaz oolonr, aocordins to the cfdoors of the plates of glass held 
between the mouths of the lantern and the drcolar windows in the 
cylinders of water. The same experi- 
ment created quite a furore at the 
Crystal Palace when it was introduced 
in one of the author's lectures deli- 
yered in that noble place of amuse- 
ment. In order that our readers may 
understand the arrangement of the 
apparatus, we have given at page 294 
a ground plan view of it, as also the 
appearance of the cascade when exhi- 
bited at the Polytechnic to the Royal 
I«rty. (Fig. 284.) ^ ' 

Another curious effect observed with 
the illuminated cascade, is tiie descent 
of balls of light as the reflection is cut 
off for a moment by passing the 
finger through the stream of water, 
showing that a certain time is occupied 
in the reflection* of light from one end 
of the cylinder of water to the other; 
indeed the best idea of the rationale Fig. 283. ▲ b. The sidM of the «■•• 

of the experiment is formed by substi- "JL, ^ ^^ ^^^ f^ *^ «: 
4«^«» ^ ;«»««;««««« « .njL. ♦^v^ fleotioiiof only two rays of the heeinvof 
tuting m imasmation a silver tube light panriag down indde the watoT^. 

highly pplishea in the interior, for the 

descenmng jet of water. The reflection of sound takes place precisely 
in the same manner, and the vibrations of the air are reflected from plane, 
concave, and convex surfaces. It is on this principle that waves of sound 
thrown off from different surfaces (as of hard rocfs), produce the effect 
of the echo. The sounds arrive at the ear in succession, those refleeted 
nearest the ear being first, and the reflecting surfaces at the greatest 
distance sending the waves of sound to the ear after the former. At 
Lurley Falls on the Bhine, there is an echo which repeats seventeen 
times. Whispering galleries, again, illustrate the reflection of sound 
from continuous curved surfaces, just as the arched column of water 
reflects from its interior curved sunaces the rays of light. 

Speaking-tubes are well known in which the waves of sound are 
saccessiveh^ reflected from the sides, exactly like the "Illuminated 
Cascade" rFig. 283). The speaking-trumpet is also another and familiar 
example oi the same principle. P^bably when Albertus Magnus con- 
structed the brazen head, which had the power of talking, it was nothing 
more than a metallic head with a few wheels and visible mechanism 
inside, but connected with a lower apartment bv a hollow metal tube, 
where Albertus Magnus descended, and astonished the ignorant with 
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the then unlcnonii principle of the apeakinc tabs. Light entering at 
one end uC a btielit metallic tube is reflected from the Bides of the tabs 
till it reaches tlie other, and preciaelv the same ^ect occurs in the 

interior of the cascade of water. (Fig. 384). 



If tills article on light and optics had gone minutelj into the mathe- 
matical and purely scientific portion of the subject, we should have hail 
frequent occasion to mention the name of Sir David Brewster, a dis- 
tiDguisbed philosopher, whose name ia peculiarly identified with this 
interestii^ branch of physios. It is always pleasing to find men of such 
standing not only dcvot^g themselves to arguments which college 
wranglers would study with pleasure, but also descending to a lower 
kvel, and inventing optical instruments that delight ana amuse the 
non-scientific and juvenile part of the communitv. The names of Sir 
David Brewster and Professor Whealslone have been connected diirinj; 
the last few years with the invention of the stereoscope, an inatniment 
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that will be noticed in mother part of this book, bnt here we sbRll 
describe one of the loost origuud optical instrument erer devised, and 
■Ithoudi it is DOW regarded as a mere toy, its merits bk verj great. 
The title of the instrument is borrowed from the Ctreek coXor, beautiful, 
fiSot, a form or appearance, iricoitiit, to see ; and the pablic eutainlf 
etLdorsed the uame when the? purchased 300,000 ot these iostru- 
ments in London and Faria durmg the space of three months. It is 
said that the Bensatian it excited in London, throughoat all ranks 
ot the community, was astonishing, and people were everrwhere seen, 
even at the comers of the streets, looking through the Kaleidoscope. 
The essential parts of this instrument are two mirrors of unsilrered 
black parallel glass, or pUte glass painted black on one aide, which 
should be from six to ten inches in length, and from one inch to an inch 
and a half in breadth at the^bject end, while they are made narrower 
at the other end, to which the e;e is applied. The mirrors are united 
at their lower edges by a atrip of black calico filed with common glue, 
and are left c^n at the upper edges, and retained at the proper angle 
1^ s bit of cork properly blackened. The ^gles are 36* 30°, 25=i, 
22°^, 20°, 18°, which divide the circumference into 10, 13, 14, 16, 18, 
80 pMts, thus 36 X 10 = 360, or 18 x 30 — 360, and the strictest 
attention must be paid to this part of the adjustment, or the figures 
produced will not be symmetrical After the mirrors are adjusted to 
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the proper angle, the space between the two upper edges should be 
coyered across with bkck vdvet and the mirrors placed in a tin or 
brass tube, so that the broad ends shall barely project beyond the 
end, while the narrow end is placed so that the angle formed by the 
junction of the mirrors shall be a little below the middle of that end of the 
tube. A coyer with a circular aperture in the centre is then to be fitted 
to the narrow end of the mirrors, which should in general be furnished 
with a oonyex lens whose focal length is an inch or two greater than 
the length of the mirrors. A case Tor holding the objects, and for com- 
municating to them a reyolying motion, is fitted to the object end of the 
tube. The objects best suited for producing pleasing enects are small 
fragments of coloured class, wires of glass, both spun and twisted, and of 
dif^rent colours and snades of colours, and of yarious shapes, in curyes, 
angles, circles ; also, beads, bugles, fine needles, small pieces of lace, and 
fragments of fine sea-weed are yery beautiful. M. Sturm, of Prague, has 
latdy fixed the images of the kaleidoscope, so that they are ayailable for the 
production of patterns in eyery branch of silk, cotton, and mixed fabrics, 
rhotographs could be takfu of the most beautiful of these accidental 
designs, which only occur once, and if not copied are lost. 



CHAPTER XXn. 

THE KEPBACTION OP LIGHT. 

This term appears to be often confounded with that of reflection, and 
signifies the oending or breaking back of a ray of light (re, back, and 
franco, to break) ; and it will be remembered that when light falJs on 
the surface of a solid (either liquid or gaseous) body, it may be refiected 
(re, back, andflecto, to bend), refracted, polarized, or absorbed. In the 
preyious chapter the property of the reflection of light has been fiilly 
inyestigated, and in this one refraction only will be considered. It is 
a property which has been, and will continue to be, of the greatest 
practical utility in its application to the construction of all magnifying 
glasses, whether belongmg to the telescope, microscope, magic lantern, or 
the dissolying yiews ; or the minor refracting instruments — such as spec- 
tacles, opera-glasses, &c.; and it should be remembered that their 
magnifying power depends solely on the property of refraction. 

If substances such as glass had not been endowed with this property, 
it would be difficult to understand how the great discoyeries in the 
science of astronomy could haye been made, or what information we 
could haye ^ined respecting those interesting truths so constantly 
reyealed hj the aid of the microscope. Numerous instances mi^ht be 
quoted of the yalue of this latter instrument in the detection of 
adulteration, and the examination of organic stnictures. When so 
many talented and industrious scientific men are at work with this 
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imtnunent, it is perhaps inridions to point to one aiiiglj^ tl»ni|^ ve 
mnst make an exceptioii in fayonr of Professor Ehrenbei^.DfBeriiii, whose 
microsoope did sacn Eood serdce in procorin^ oadeniBble proof of the 
Simonides' fiand; hehas made use of it igam U> detect the thief that 
stole a barrel of specie, vbich had beea purbined on one of the 
tailwaja. One of a noraber of baireli, that should have contained 
coin, was fonnd on arriTal at its destination to have been emptied of its 
Mcdoos contents, and refilled with sand. On Professor Ehrenberg 
beinc consulted, he sent for samples of sand from all the stations along 
thrSfferent lines of Rdlwaj that the specie had passed, and by meana 
of his microscope identified the station from which the sand must have 
been taken. The statioa once discovered, it was not difficult to hit 
Upon the culprit in the snutll anmber of eapltyA on duty there. 

The simplest case of refraction occurs in tracing the eoune of a la^ 
of light through the air, and into the medioin water; in this case it 
passes from a rare to a dense me- 
diom, and the fact itself is well il- 
lustrated by the neit diagram, in 
which the shaded portion repre- 
sents water, and the paper that it 
ia drawn npon the air. The line 
AB is a popendicolar ray of light, 
which passes straight from the air 
into and throogh the water, with- 
out being dunked in its direction. 
The line c D is anotbet ray, inclined 
from the perpendicular, and entcr- 
iag the water at an ai^e, does ntd 

pass in the straight line indicated ng. tat. 

1^ the dotted line, but is refracted 
or bent towards tiie perpendicnlar at D X. 

This fact reduced to Uie breritr of scientific laws is thns enressed:— 
When, a ray of light SaUa perpendicnlarly on a refracting snrlace, it doet 
not exwriaiee ang refiraetion or change of dinctio*. When lisfat passes 
out of a rare into a dense mediom, as from air into water, the angle oj 
iaeideHee it greater fioM the angie of refraetiim. And when light passes 
from a dense into a rare medium, as out of water into air, the reoene 
iakei place, and the angle of ineidenee it tmailer tia» the angle of rt- 
firactioK. 

In order to iUnstrate these laws, a EiDC-worker or tinman may con- 
stmct a little tank, with glass windows in the front and sides, the 
latter being as deep as the half^circle described on the back metal plate 
of the tank, which of course rises higjier, in order to show the full 
circle ; this should be japanned white, and a perpendicular and hori- 
zontal black line descrioed upon it — the whole, with the exception of 
the circle, being japanned black. If the Baboscq lantern is arranged 
with the little mirror, as described in fig. 276, paee 287, tbe raj of 
li^t may be tiirown perpendicularly, or at an angle, uiron^ the WMer, 
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and the sclnal breaking back of the ra; of light is reudeied distinctlj 
apparent. (Fig. 887.) 



to Uie horizonUI Una oT tjte dn^. 

The refraction of light is also veil displayed by Duboscq'a fmparatas, 
with the plano-eonvex lens, and a brass arrow as an object, with sHother 
double convex lens to focus it. When a good shaip outline of the 
arrow is obtained on the disc, a portion of the rajs of light producing it 
maj tlien be truly broken out or refracted by laying across the brasa 
arrow a square bar of plate glass. (Fig. 288). 



,^ „ . Df putfl glBH. B. The donbk ojuvai glau to Gkiu ■, tba iiun 

jn the iliM, md portion reftBcteS Us. ^^ 

There are manr simple ways in which the refraction of light is dis- 
played, snch as Uie apparent breaking of an oar where it enters the 
water, or the remarkable manner in which the bottom is lifted up when 
we look, at any angle, through the clear water of a deep river or lake ; 
the latter circumstance has unhappily led to most serious accidents, in 
oonsequence of children being induced by the apparent shallowness of 
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the water to get in and bathe. Fish, again, nnless seen perpendicnhirly 
from a boat, always appear nearer than their tme position, and the 
Indians, when they spear fish, always take care to strike as near the 
perpendiealar as possible ; experienced shots know they most aim a 
nttle lower and nearer than the apparent position of a fish in order to 
hit it. 

Having learnt that light is bent from its course, it might be supposed 
that all objects looked at through plate ^lass should appear distorted ; 
but it must be remembered that the sides of the gma being nearly 
parallel, an equal amount of refraction occurs in every direction — so 
that, unless the window is glazed with uneven wavy glass, the object, 
for all practical purposes, does not apparently change its position, being 
neither moved to the right or the left, or upward or downwuxl. In 
order to bend the rays of light in the requirea direction, the glass must 
be cut into certain figures cmed prisms, plane glasses, spheres, and lenses, 
some of which are shown in the annexed cut. (Fig. 2o9.) 

Ifiivt 

Fig. 289. 

It would be tedious to trace out, by a regular series of diagrams, the 
passage of light through the variety of combinations of lenses ; and as 
the plane, convex, and concave a 

surfaces have been examined with d 

respect to their effect on the re- 
flection of light, they may be re- ^ 

ferred to again with regard to 
their influence in refracting light. 

In the latter it will be found ih&t d 

convex and concave lenses have ^ 

just the opposite properties of Fig. 290. ab. A doable eonvez lens, oisa 

mirrors ; thus, a convex lens re- »Jof light, which feUs pnpen(UcaiariT<mAB, 

11 1 Ml and therefore pMses on Straight to V, the focas. 

ceiVing parallel rays will cause d d. Bqrs &mng at an angle on ▲ b, refracted 

them to converge to a focus, tofocna,*. 

(Fig. 290.) The case of short-tiff Ated persons arises from too great a 
convexity of the eye, which makes a very near focus; and that of old 
people is a flattening of the eye, by which the focus is thrown to a greater 
distance. The remedy for the latter is a convex spectacle-glass, whilst 
a concave lens is required for the former, to scatter the rays and pre- 
vent their coming to a point too soon. 



t> 
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The action of a concave re- 
fracting surface is again the op- 
posite to a concave reflecting 
surface — the former disperses 
the rays of light, whilst tiie latter 
collects them. A concave lens, 
as might be expected, produces 
exactly the contrary effect on 
light to that of a concave mirror. 

FIff.291. AB. A double ooneaye lens, clsa z]^^ 291) 
vajofliflrht which iUIs perpendioiilArlyonAB, ^- rK^-* L^^ »«a «,<»11 <>1«/%«r.. 

Mdp«»5» through with^ any alteration of its These facts are weU sliown 

course, sd. BaysfUIingatanangleonAB^are ^th the aid of the lantern and 
refracted and direrged. electric light. The rays of light 

are refracted in a visible manner when received on a concave or convex 
lens, provided a little smoke from paper is employed, as in the mirror 
experiments. (Fig. 292.) 





Fig. 292. A. The electric Bght. b. The lene. 

Bearing these elementary truths in mind, it will not be difficult to 
follow out a complete set of illustrations explanatory of the oon- 
stmction and use of various popular optical contrivances. 



CHAPTER XXm. 

BEFKACTINO OPTICAL JHSTKUIIENIS. 

L The Magic Zaniem. 
No other optical inatnunent has ever caused so much wonderment 
and delist, trom its origin to the present time, as this simple contri- 
Tsnce. For a long time its tme value W6a overlooked, and only 
lidiculoos or comic slides painted, but its educational importance la 
now being thoroughly appreciated, not only on account of the size ot 
thediagrams that mav be represented on the diac, but also from the fact 
that the attention ot an andience is 
better aecnred in a room when tie only 
ol^ect risible is the diagram under ex- 
planation. The lenses it contams are a 
"bull's eye" or plano-convex, nearest 
the light, and a double convex glass, 
for the purpose of focosung the picture 
which is inverted imd placed between 
the two lenses. (Tig. 2930 

In many books full directions are 
nven for painting the glass slides, but 
tiiis is an art that requires very great 
practice and eiperience. A person may 
buiw how to oraw and paint on paper 
or canvas, but it is quite a different 
thing where ^ass is concerned, and un- 
less the jnvenileaitist hastakeulessona Y]g.W3. The iiuslii Itnlnu. 
from a regular painter on glass, his or 

her efforts are likely to be very unsatisfactory. In many popular works 
embracing the aubject of optics, fall directions are given on the mode of 
painting the slides for the magic lantern, 'or dissolving views ; anew 
era, however, has dawned npon this mode of illustration, in the prepara- 
tion of photographs on glass of the most lovely description, and now 
instead of ^hibitjng mere daubs of weak colouring, photographic 

C' ■ ires of singular perfection can be proctired of Messrs. Negretti and 
bra, Holbom, who have turned their attention especially to thia 
branch, and supply slides of all sizes. 



H, Tit Ditiohing TUtet. 

J pleasing modification of the ordinary magic lantern ii 
the assjsta f . > . • .. 



played with the assjsttince of two lanterns of the same size, provided 
with lamps and lenses which are exactly alike. They are beat arranged 
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on one board, side by aide, and if kept paraUd witl. each other, the 
circles of light throwiL from the two lanterns wonld not coincide on 
the screen ; it is therefore necessary to place one of them at an angle 
vhicli will Tary according to the distance from the screen. Tiie task 
of niaking the two circles of light overlap each other precisely on the 
^c, is called centering the lanterns, and is the first thing that must 
be attended to before exhibiting the slides. The slides for the dissolving 
views are all painted of tlie same size, and snpposinK a scene such as a 
church vrith a bridal procession and the trees in full foliage, to represent 
summer, is first thrown on to the disc, it may be changed to winter by 
pntting another picture of the same subject, but painted to represent 
bare trees, aud the church and ground covered with snow, and a grave 
open, with a funeral procession. The two pictures must not be pro- 
jected on the screen at the same time, aud here the dissolving 
mechanism is required; it oonsists of two faua so arranged that 
thev may be raised or lowered by a rack-work and handle ; one fan 
in descending covets one of the nozzles of the lanterns, aud the other 
leaves the second lantern open, and free to project the picture; the 
dissolving is managed bj slowly moving the handle of the rack-work, 
so that one quarter of the picture already on the disc is cut off, and one 
qoarter of the new one thrown on. As the movement proceeds, one 
half of the old picture is shut ont, and one half of the new slide takea 
its place, and so on, till the whole of the original picture is cut off by 
the fan and the new one comes into view, ana it is in this way the effect 
of tbe cbange from summer to winter is produced. (Fig. 391.) 



When two pictures such as those already described, dissolve one into 
tbe other, of course the same building or other marked portion of the 
subject, must strictly coincide in each picture on the disc, or else the 
two pictures are apparent, and the illusion is destroyed. The pictures 
Diust all be centered before the exhibition commences. Bj the strange- 
ment of Mens. Duboscq, one electric light serves to iltnminste both liui- 
IcniB by making use of mirrors. Tbe dissolving apparatus is likewise verj 
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simple, and consists of two diamond-ahaped openinga in a btasa finme, 
vrhich open and shut alternately by a slide worked with a handle. The 
single light is not to be recommended, as it is somewhat troablesoine to 
manage propeiiy. (Fig. 395.) 



tlK- tK. t. Tht elKtrio light. 



When dissolving views are required on a grand scale, the lenses mnst 
be exceedingly large, and the condenser (corresponding with the " bnll's- 
eye" of the simple magic lantern) should beat least nine or eleven inches 
in diameter, and the front glasses moat be of a superior make. The 
lenses for a large lantern lit bj the oij-hydrogen light, are arranged 
as n the nest cut (F g 396.) 




nK.lW. i.The 



lUbt. V. The condenHn. c Tha pLflture, i 
Uatet for bauiiBt, "Itb rack-work. 



At the Polytechnic ttie author had no leas than six lanterns worldng 
at or abont the same time, to produco effects, in the views illostratio^ 
the voyages of Sinbad the Sailor; and in order to obttiin the ' 



lostratinr 
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306 bot'b flatbook of science. 



leanlts required for ^oramic effects, sucli for instance as tlie Si^ of 
Delhi, sliowinc the burstbg of the shelb, &c., the four fiKed iaDterns (the 
fronts of trhion are shown in the next out) vere slvaya emplojed. The 
■■ — iipper lanterns are disaolved by discs of brass worked Dj the hand, 
'^e lower ones with the fans. (Fig. S97.} 



Xl 



Fig. JS7. Fronli of tbe foor iButemitj ibowliiff bow the dUnlHiiff mochv^tok ii ■jranged. 
"Behind the scenes" always has a ^eat attraction for yonng people ; wc 
have, therefore, in the frontispiece, with the help of Mr. Mine (who painted 
a great number of the photographs shown at the Polytechnic during the 
author's management), giveu a section of the large theatre taken idiilst 
the effectiTe scene oi the Siege of Delhi was in progress. The optical 
effects were assisted b^ various sounds in imitation of war's alarms, for 
the production of which, more volunteert than were required would 
occBsionall; trespass behind the screen, and prodace those terrific sounds 
that some persons of a nervous temperament said were reallj stunning. 
In a page picture, we have also given a correct drawing of the interior 
of the optical box at the Foljtectmic, with the four fixed lanterns, and 
aide cnpooards to hold the glass pictures. The four lanterns worked on 
a railway, with wheels and a circular turn-table; they coald be removed, 
and the microscope arranged in their pkces. 



n 

,^ i 
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TTT. The Oxy-HyArogen Microscope. 

Mbhj persons will recollect the first exhibition of this instmment in 
Bond-street, by Mr. J. T. Cooper, and Mr. Gary, succeeded by the 
Adelaide Grallery exhibition of scientific wonders and an oxy-hydrogen 
microscope. The apparatus for this purpibse consists of three condensing 
lenses and an object glass. The objects, such as live aquatic insects, are 
placed in glass troughs containing water; the other objects, ferns, 
leathers, butterflies, al^, &c. &c., being mounted on slides in t)ie 
ordinary way with Cani^ balsam. (Fig. 298.) 





Fig.29S. 



The lime ligiit. c c c. Goodensen. i>. The object, sndi as a tank of water, 
containing live insects, x. The otgect glanee. 



rV. The Piysioseope, 

This instrument, brought out at the Polytechnic during the time that 
Mr. J. r. Goddard managed the optical department of the institution, 
always excited the greatest mirth and astonishment amon£;st the nume- 
rous yisitors ; and habUues of the old place may rememoer the good- 
natured inimitable maudlin simper with which poor Mr. Tait (who was one 
of the living objects shown on tne disc) used to drink off the glass of wine 
and then wink at the audience. When we say Mr. Tait used to wink^ 
of course it is understood that he was personally inyisible, and his 
apparition or image only appeared on the disc. The countenance is 
brilliantly illuminated by the oxy-hydrogen light, and being placed near 
the lenses, the rays are reflected from the face into the physioscope, and 
being properly focused, and the inyersion of the image corrected, the 
perfect representation of the human countenance is apparent on the 
disc. The lenses and concave reflectors required are shown in the 
section of the physioscope. Messrs. Carpenter and Westley, of Regent- 
street, have brought the manufacture of magic lanterns to great 
perfection ; and Mr. Collins, of the Polytechnic, constructs every kmd of 
dissolving view apparatus, oxy-hydrogen microscopes, physioscopes» 
ftc. (Pig. 299.) With this instrument any opaque objects (provided 
they reflect light properly) may be displayed to a ikrffe audience. 
Plaster casts appear with singular beauty and softness, wnilst flowers, 
stuffed birds, and especially humming birds, are excellent objects for the 
physioacope. • 

X 2 
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Yig. 209. A. One or more lime liflrhts, throwing rays reflected by concave mirrors on to 
the iace b, from whence they are reflected to o c, the first condensers, n n. Object glasses. 
This instrument is made by Mr. Collins, who has the tools for making the reflectors with 
correct curves. The picture of the face on the disc is covered with black spots if tho 
reflectors are not perftct. 

V. The Camera Obteura, 

A "dark chamber" is the name of a most amusing, and now, in the im- 
proved form, extremely valuable instrument for photographic purposes. It 
IS occasionally to be met with in public gardens, and there is a very good 
cne on the Hoe at Plymouth. The construction of the camera for 
observing the surrounaing countrv is very simple, and merely consists 
cf a flat mirror placed at an angfe, by which the picture is reflected 
through a double-convex lens on to a white table beneath. (Fig. 300.) 




fig. 300. A. The mirror, b. The convex lens. o. The whit* table. 
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The term '' focnsing/V or the art of inoying the lenses so that a 
sharp ima^ may be obtained, has been frequently mentioned in this 
article, and perhaps it may be as well to describe the mode of ascer- 
taining the local oistance of a lens by experiment. 

Hold the lens opposite the window so that a bright picture of the 
window-sash may be obtained on a sheet of paper pinneia against the 
wall, and the distance of the lens from the paper will be the focal length. 

If the lens has a yerj long focal length, it may be determined .as 
follows : — Measure the distance between the lens and the object, and 
also from the image ; multiply these distances together, and divide the 
product by their sums ; the quotient will give the focal distance. 

YI. The Decomposition of Light — "«V* Analysis and Synthesis" 

» 

It is in the Italian language that the bride, the emblem of purity, is 
called Lucia {Lux, light) ; and surelv if an illustration were required of 
beauty and singleness, light would be named 
poetically as appropriate ; but physically it is 
not of a single nature, it is composite, and made 
up of seven colours. The instrument required 
to refract a ray of light sufficiently to break it 
into its elementary colours is called the prism, 
and is a solid havmg two plane surfaces, called 
its refracting surfaces, with a base equally in- 
clined to them. (Tig. 301.) 

It was in 1672 that Sir Isaac Newton made 

his celebrated analysis of light^ by^^efi™? bi?;?'i.MS„J^4 
a sunbeam (as it passed through a hole in ^ the refracting soriaces, c a, cb. 
shutter) on to tne refracting surface of a 

prism, and throwing the image or spectrum on to a screen, where he 
observed the seven colours, red, orange, yellow, green, blue, indigo, and 
violet, and thus proved " that there are different species of lights and that 
each species is disposed both to suffer a different degree of refrangibility in 
passing out of one medium into another^ and to excite in us the idea of a 
different colour from the rest ; and that bodies appear of that colour which 
arises from the composition of those colours the several species they reflect 
are disposed to excite" 

Sir Isaac Newton's name would have been immortalized by this dis- 
covery alone, even if he had not possessed that transcendent ability 
which raised him above all other mat^iematicians and physicists. 
It is at the same time interesting to know that the ancient author 
Claudian (a.d. 420) inquires " whether colour really belongs to the sub- 
stances themselves, or whether by the reflection of light they cheat the 
eye — enquires sitve color proprius rerum, lucisne repuUa eludant ademP 

Sir Isaac Newton determined that the spectrum could be divided 
into 360 equal parts, of which red occupied 45, orange 27, yellow 48, 
green 60, blue 60, indieo 40, violet 80. lie also discovered that if the 
highly refracted rays, the seven colours, or spectrum were received into 
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a concave mirror or a double-conrex lens, that they again united and 
formed white %ht. In ord^ to demonstrate the properties of the 
prism inyaiions positions, the next diagram may be adduced. (Fig. 302.) 




Fig. 902. A. The ray of ligbt pusing through two priinu b placed base to base. la 
this position the light passes through to the second prism, o, without alteration. At u 
the decomposition oflight occurs, and the spectrum is shown at d d. The top prism at b 
used singly would reflect the ray to a without decomposing it into the coloured ri^s. 

The ndnbow is the most beautiful natural optical phenomenon with, 
which we are acquainted ; it is only seen in rainy weatner when the sun 
illuminates the faUing rain, and the spectator hias the sun at his buck. 
There are frequently two bows seen, the interior and exterior bow, or 
the primary and secondary, and even within the primary rainbow, and 
in contact with it, and outside the secondary one, there have been seen 
other bows beyond the number stated. 

The primary or inner rainbow consists of seven different coloured 
bows, and is usually the brightest, being formed by the rays of light 
falling on the upper parts of the drops of rain. Ine exterior bow is 
formed by the rays ot light falling on the lower parts of the drops of 
rain; and in both cases the rays of light undergo refraction and 
reflection, hence the opinion of Aristotle, that the rainbow is caused 
only by the reflection of light, is not correct. 

The first refraction occurs when the rays of light enter, and the 
second when they emerge from the spheroids of water in the first bow; 
the refracted rays undergo only one reflection, whereas in the second 
the brilliancy of the colours is impaired by two reflections. 

The spectrum from the electric light is one of the most gorgeous 
exhibitions of colour that can be conceived ; and the instruments i^ 
quired for the purpose are illustrated in No. 1 (Fig. 303), whilst the 
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-synthesis of the coloured rays and production of white light is shown 
4it No. 2 of the same figure. (Fig. 303.) 
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Fig. 303. No. 1. A. The electric %ht. b. The narrow slit tiirongh which the light 
IMUMei to the convex lens, c. s. The prism, x. The spectrum. No. 2 is the same for 
▲ BOD; bat B is the convex lens collecting the scattered rays, anfl forming white light 
«t&. 

VIL. Duration of the Impression ofLigU, 

If a circular disc is painted with the prismatic colours taken in the 
«ame proportion with respect to each other in which they are exhibited in 
the spectrum made by the prism^ and the wheel is turned swiftly, then 
the individual colo,urs disappear, and nearly white light is apparent. 
The cause is due to the same principle that creates the appearance of a 
complete circle of fire when a burning squib is moved quickly round 
before it is thrown away to burst, and as it is evident that the buming 
■squib cannot be in every part of the circle at the same moment, there 
must be some inherent faculty belonging to the human eye which 
enables it to retain for a definite period the impression of images that 
may fall upon it ; and this principle has been so far pressed, as it were, 
beyond its limits, that it is gravely asserted the image of a man's mur- 
derer "might be discovered on the retina of the eye-ball if that could be 
examined sufficiently quick after death." The fixture of the picture is 
^d to be due to a sort of natural photographic process ; but sucn fanciful 
statements often lead the mind into dream-land only, and so we will 
return to the fact of the duration of the impression of light on the eve 
as evidenced by several ingenious optical instruments, and especially by 
the scientific inventions of Dr. Eaiuday, Dr. Paris, and of Mr. Thomas 
Bose of Glasgow. 

By careful experiment M. D'Arcy found that the li^ht of a live coal 
moving at the distance of 165 feet, maintained its impression on the 
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retina daring the seventli part of a second. Hence tlie oaase of tho 
iccompositioD of white light when the colours on the disc are qnicklj' 
rotated. Each colour at anj point succeeds tbe other before the imprea- 
■ioii of the last is gone from the eje, and prorided the cobnra move 
ninnd vithiu the seventh part of a aecond, they are all impressed toge- 
ther on the eye, and meeting on the retina, produce the effect of white 
ligiit. 

VIII. The FAenakuliseope. 

This amnsbginatmment oonaists of a turning wheel upon which figures 
appear to jump, walk, or dauce. The disc or wheel is of cardboard, 
upon which are painfed (towards the peri- 
pnery) figures lo eight, ten, or twelve 
postures. Thus, if it is desired to repre- 
sent clowns turning round in a circle, twelve 
different positions of the Sgure in the act of 
tumicg arc painted on the disc, and above 
each of the figures on the wheel a slit is cut 
about one inch long, and a quarter of an 
, inch wide in a direction corresponding with 
the radii of the circle. This simple form of 
the instrument is used by placing the figured 
side towards a looking-glass and then cansin^g 
it to revolve at a certain speed, which is 
ascertained bj experiment; and as the spec- 
tator looks through the sEts into the lookmg- 
PIr. SM. I>Mlgn (Op tbe phe- glass, the elowns appear to turn round. At 
SSHJ-'tSSU; a^ Pol,teb.ic tolitntio. Ih™ .re tw 
■ mirrar UiroDgh the anu. itii of these wheels with looking-glasses, and 
mpp^td bjr . haidto thwDBh althongh the same designs have done duty 
tns esiln, round which It ia > ^ ,, . .J? -i. . ., . i-'' 

twiiitdbjthsothHhiDd. for many years, they still attract the public 

attention. {Fig. 304.) 
In the ".Toumal of the Royal Institution" Mr. Faraday has de- 
scribed some very interesting experiments and optical illusions produced 
by the revolution of wheels in different directions and velocities. The 
wheels are made of cardboard, and by cutting out two cog wheela of ait 
equal size, and placing one above the other on a pin, tlie usual hazy 
tint when the cogs are acting is apparent when they are whirled round ; 
but if the two cog wheels are made to move in opposite directions, 
there will be the extraordinary appearance of a fixed spectral wheel. 
If the cogs are cut in a slanting direction on both wheels, the spectral 
wheel will exhibit slanting cogs ; but if one wheel ia turned so that the 
cogs shall point in opposite directions, then the spectral wheel will hare 
straight cogs. A number of such wheels set in motion in a darkened 
rnom, and illuminated suddenly with the light from the electric spark, 
appear to stand perfectly still, although moving with a great Telocity. 
Ad expensive instrument has been constructed by Bufoscq, for tho 



punxMC of ahowing the usual pbenakistiscope effects c 
witn the magic lantern 



J ^„ _j the screen 

ery liinited picture, however, is shown, ftnd 
thereb still greattoomfor the unproTement of the apponttoa. (Fig. 30S.) 




FtfT. 806, PhenaklBtlKaH m&da b* 
«ttli thg omdenKn. No. 3. SecUoD ' 
^uuKODTei lou. c. Uound ^Lsu dlic with anlgii p&intec 

fbur doable-convex ]en>ea placed at equal distances from vm^u v^mci, dv » ^ vmii^iu 
vWi 0, whilft mtadng. BotnChBlaturandorotatt,aDd Ihapictur^it IbcnaaadoDthadli 
t? tilt ImuM >. No. 8. Olan plate, with derla pilntod thereon. 
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IX. The Thaumatrope, 

This ytTf simple toy was iavented by the late Dr. Paris, who gave ifc 
an appropriate name, compounded of the Greek words, 6avfia, wonder, 
rp€ir<o, to turn. The duration of the impressions of lidit on the eye 
is very apparent whilst using this toy, which is usually made of a 
circular piece of cardboard, having on one side a painting of a man's 
head, and on the other a hat ; or a picture of a lighted candle on one 
face of the cardboard, and an extinguisher on the other; or a 
gate, and a horseman leaping it. Each pair of designs painted on 
opposite sides of the cardboard appear to be one when twisted round 
by strings tied to the opposite edges of the cardboard circle. The 
rationale of this experiment bein^, that the picture of one design^- 
fiuch as the head and face — is retamed by the eye until the hat appears, 
and being mutually impressed upon the nerve of vision at very nearly 
the same instant of time, they appear as otte picture. 

X. The Kaloirope. 

This is an optical arrangement by Mr. lStoii«fi( "Rbse, 'Of Glasgow, 
primarily designed for showing the illusions of tlie.phenakistiscope and 
Idndred devices to a numerous audience ; but more remarkable for its 
presentations of very beautiful spectra, composed of the multiplication, 
combination, and involution of simpb figures disposed around a disc. 
The arrangement consists of a movement for giving considerable 
Telocity to two concentric wheels, working nearly in contact, and 
moving in contrary directions. Eut the only part of the apparatus that 
requires special explanation and illustration is the device mac and the 
•disc of apertures ; the first of which is placed on the hinder wheel, and 
the second on the front wheel. We give figures of the two discs, 
premising, however, that each is capable of an almost infinite variety 
of characters. No. 1 (Fig. 306) presents in its four quadrants the 
perforations for four distinct discs of apertures ; and No. 2 is a device 
disc, consisting of twelve equidistant olack balls. Under a the balls 
will be presented as twenty-four ovals ; under b, as forty-eight involved 
figures, beautifully variegated ; under c, as an elaborate lacework ; and 
under ^, as a rich variegation of form and colour. Every fresh disc of 
devices and disc of apertures of course opens up a new field of effect. 
Thus, if we take a disc bearing twelve repeats of a ball in the in- 
terior of a ring, each repeat bemg so painted that its position is ad- 
vanced in the ring until it reaches in tne twelfth ring the point whence 
it started, and place this on the back disc of the kalotrope, having pre- 
viously removed the first one, no effect is observed when the wheel 
is rotated beyond the spreading out of the design and general appear- 
ance of hazy black circles. Wnen, however, the disc, with twelve slits 
or apertures, is now placed on the front wheel, and the two rotated in 
opposite directions, then the whole figure starts as it were into exist- 
ence, and each ball apparently moves round the interior of its cirele. 
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The apparatns was prodaced at tlie Boyal Polytechnic Institution by 
the autnor, and excited much interest. (Fig. 306.) 




Tiff. 906. Not. 1 and 8 are the discs. No 3. Kalotrope in deration. No. 4 ffide view 
of kdotrope, showing the mnttiidjing wheeb and the perfinaAed and pointed discs moTing 
in oppodte directions, 

XI. The Fhotodrome. 

This is a second oi)tical arrangement by Mr. Rose for showing spec- 
tral illusions ; and it is superior to the last, inasmuch as it offers to the 
public lecturer a most effective means of presenting these deceptions to 
a large audience. It differs from the kalotrope m several important 
points. It dispenses with the discs of apertures, and leaves the device 
disc with its face fully exposed to the spectators. The effects are pro- 
duced bv a powerful light, thrown through the tube of a lantern, and 
broken oy a wheel working across it. 'tke apparatus, as it at present 
stands in the inventor's possessioi^ consists of two distinct parts ; the 
one a movement for the device discs, and the other for the light. A 
wheel four feet in diameter is connected with a train of movement 
capable of giving it five hundred or six hundred revolutions per minute. 
On this wheel the device disc is placed, in full view of the spectators, 
and set in motion. From an opposite gallery the light is thrown, and 
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broken by a wheel of snch diameter and number of apertures as will 
admit the velocity of the photodrome (or light-runner) to be at least 
nx times the velocity of the device disc ; wnilst the apertures are of 
such width as to restrict the duration of the light- flash to about one- 
two-thousandth of a second. The wheel working across the light has a 
train of movement for raising the velocity to two thousand revolutions 

Ser second. The management of the apparatus is very simple. The 
evice- wheel is brought to a steady, rapid rotation, and the operator on 
the light then works his wheel with gradually increasing velocity, until 
he overtakes the flares of the device, where, by mere delicacy of touch, 
he is able to hold tnem stationarjr or ^ve them motion, at pleasure. 

Theories of light and colour still agitate the scientific world, although 
that man must be bold who will assert that his hypothesis is fitted to 
explain every difficult point that arises as our experimental knowledge 
increases. Mr. G. J. Smith, of the Perth Academy, has propounded a 
very ingenious theory of light and colour, supported by some clever 
^periments. But, as Solomon says, " there is nothing new under the 
sun," and in an able paper Mr. Ilose, of Glasgow, lays claim to the 
anticipations of Mr. Smitns theory as follows: — 

" My attention has been directed to a paper entitled * The Theory of 
Light,' by G. John Smith, £sq., M.A., of Terth Academy. I think it 
is now nearly two years since I communicated an interesting fact to 
Professor Faraday, and to a member of our local Philosophical Insti- 
tution, which may fairly claim to have anticipated Mr. Smith's theory. 
The fact was this : that if a piece of intensely white card be held in one 
hand, with the light of a powerful gas-jet falling upon it, and if the 
other hand has command of the gas-tap, as the light is gradually reduced, 
the card will assume the prismatic colours down to intense blue, and as 
the light is restored the colours will present themselves in inverse 
order. The experiment showed, very conclusively to my mind, that %ht 
is homogeneous, and that what we name colour is only the various 
affection of the optic nerve by a greater or lesser radiation of light from 
a focal point in an imperfect reflector — say, in the instance, a white 
card. 1 apprehend that Mr. Smith confuses his theory when he speaks 
of alternations of light and shadow producing colour. Shadow, or 
darkness, is mere negation of light. We do not see mixtures of light 
and darkness, or blackness and whiteness, but light in its several degrees 
of intensity. Mr. Smith's experiments present only what my kalotrope 
has done, and what my later aevice, the photodrome (now nearly three 
years old) is doing in a much more perfect manner. It is one of the 
mysteries intelligiole only to the initiated, that whilst Mr. Smith's paper 
seems to have been received with great /avour by the British Association, 
my communication relative to the photodrome was voted ' not tuffieiently 

practical* 

" Since I have come before the public with an experiment, which in 
any view is an interesting one, permit me to reproduce it under several 
distinct conditions, and to add a brief narrative of remarkable presen- 
tations of colour that have come before me, and which, so far as I am 
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aware, are perfectly novel, or known only throngh the more recent 
experiments of Mr. Smith. Professor Faraday very courteously 
acknowledged my communication of the experiment with the card, bat 
said that it only partially succeeded with him, and added that probably 
this was owing to some decay of sensitiveness in his eyes. More likely 
I failed to state with sufficient clearness the conditions of the ex- 
periment, since I have always found nine persons out of ten perfectly 
agreed as to the effects produced when they nave been at my siae. The 
transitions from white to yellow, orange, red, and thence to intense 
blue, are, I may say, invanablv lulmitted. Success depends on a very 
slow and r^;ular reduction and restoration of the li^ht. I have given 
one method of performing the experiment, and will add other two. 
Allow the light to remain undisturbed, and begin by holding the card 
near to it ; then keep the hand steady and the eye intently nxed upon 
the card, and retire gradually with your back to the light, and the 
colours will change in the order of the prismatic spectrum from yellow 
to intense blue. On returning backwards towards the liffht the colours 
will again present themselves, but in inverse order, la this form of 
the experiment we are certain that the light remains precisely the same 
throughout. The third method is this : Place a circle of white card, 
about three inches in diameter, in the centre of a black board, and let a 
spectator stand within twelve inches of the board, with his eyes fixed 
upon the card. Let an operator be provided with a light so covered 
that it shall not fall on the eye of the spectator ; then, as he retires 
with the light or returns with it, the spectator will see the colours as 
before. This arrangement evidently subjects the experiment to a severe 
test, since the black board enhances the whiteness of the card, and 

tends to preserve it Whilst pursuing my principal object, 

I frequently noticed most remarkable presentations of colour ; but, as 
the conditions were for the most part unsuitable to the lecture-room, I 
gave them only a passing regard. Allow me to instance a few of the 
experiments. 

"The first refers to the kalotrope, which may be briefly described as 
an arrangement of two concentric wheels, workmg nearly m contact and 
in contrary directions. Discs of various devices are provided for the 
hinder wheel, and a number of perforated black discs for the one 
in front. liVhen a disc charged with twelve black radii is placed on 
the hinder wheel, the six spokes of the front wheel, in passing rapidly 
across it, convert the twelve blaei radii into twenty-four apparently 
stationaiy white radii upon a tinted ground. Here is a remarkable 
presentation of the complementary, inasmuch as it is placed permanently 
oefore the eye by persistence. 

" The second experiment is performed with the photodrome, which 
consists of an independent wheel to receive the device discs, and an 
apparatus (altogether apart, and, if desired, out of sight) by which 
flashes of light are thrown upon the disc in rapid and regular succession. 
Now, if a disc charged with twelve dark blue balls, nearly in contact, 
be placed upon the wheel, and a little natural light be allowed to fall 



318 BOT*S PLA.TBOOK OF SCIENCE. 

upon it, 80 soon as it is thrown into rapid reyolution, and flashes of 
nrtificial light (insulated in a lantern) are duly measured out upon it, 
we see twelve apparently stationary light-blue balls upon a zone of 
bright oranee. Here, again, there is nothing for which we are not 
prepared; toe complementaiy is suddenly presented, and it is main- 
tained permanently oefore the eye by persistence. 

"A third experiment may prove interesting in its relation to Mr. 
Smith's ingenious theory, f lace the kalotrope opposite a bright 
northern noonday sky, remove the front wheel, and affix to the hinder 
wheel one of the penorated black discs used for the kalotropic effects. 
The experimentalist stands at the back of the instrument^ and can see 
the sky only through the apertures in the black disc. Cause these 
apertures to pass the eye at intervals varying from one-half to one-sixth 
of a second, and very remarkable presentations of colour are seen. 
Under the lower velocities the sky nashes, and assumes an unnatural 
brilliancy, and the intervals of the fourth and fifth of a second give it 
sometimes a crimson, at others a deep purple colour. Now, what are 
we to infer from this experiment ? Certainly not that the pulsations 
have absolutely produced variety of colour. At every pulsation the 
fnll natural light falls upon the eye, and the intervals between the 
pulsations give time for the reaction necessary to the suggestion of 
complementary colour, and that under manifold modifications arising 
out of the ever-changing condition of the eye daring the experiment. 
If the apertures pass the eye with a velocity exceeding one-sixth of a 
second, the effect ceases. There is then perfect persistence, and the 
eye apprehends nothing but the ordinary bght of the sky, reduced in 
intensity, with nothing to break its uniformity or give it a chromatic 
character. 

"A fourth experiment is kindred to the last. Place the kalotrope 
under the same adjustment and management as before, in front of a 
brilliant sunset, and the spectator will see, with more than a poet's 
vision, 

' The rich hnea of all glarioos things.' ** 

XII. The Kaleidotcopic Colour-top. 

This invention by John Graham, of Tnnbridge, is designed to show that 
when white or coloured light is transmitted to the eye through small 
opening cut into patterns or devices, and when such openings are made 
to pass oefore the eye in rapid successive jerks, both form imd colour are 
retained upon the nerve of the visual organ sufficiently long to produce 
a compound pattern, all the parts of which appear simultaneously, 
although presented in succession. The instrument forms, therefore, a 
pleasing iflustration of the law that the eye requires an almost inappre- 
ciably short space of time to receive an impression, and that such 
impression is not directly effaced, but remains lor an assignable though 
very limited period. The results are obtained by rotating two discs on 
a wheel, the lower disc containing colours, and the upper one the 
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openings ; this latter disc is made to vibrate as weU as to rotate, thus 
allowing the eye to receive the coloured light reflected from below, 
which bght assumes, at the same time, the forms of the patterns through 
which it has been transmitted. The instrument serves also to illustrate 
most of the important phenomena of colour. 

Xm. Simple Microscopes and Telescopes, 

The Stanhope lenses are now sold at such a cheap rate, and are so 
useful as simple portable microscopes, that it is haroly worth while to 
detail any plan by which a cheap single-lens magnifier may be obtained. 
Eloquent vendors of cheap microscopes are to be found in the streets, 
who make their instrument of a pill-box perforated with a pin-hole, in 
which a globule of glass fixed with Canada balsam is placed ; and the 
spherical form of the drop affords the magnifying power : or a thin 
platinum wire may be bent into a small circular loop, and into this may 
oe placed a splinter of flint-j^lass ; if the flame of a spirit-lamp is urged 
upon the loop of platinum wire and ghuss by the blowpipe until it melts, 
a small double-convex lens may be obtained, which will answer very 
well as a magnifyin^-glass. Practice makes perfect, and after two or 
tlu%e trials, a good single lens may be obtainea, which can be mounted 
between two small pieces of lead, brass, or cardboard, properly fixed 
together, with holes through them just large enough to retain the edge 
of the tinv lens. A prism can be made of two small pieces of window- 
glass stuck together with a lump of soft beeswax, and if a few drops 
of water are placed in the angle, the;^ are retained by capillary attraction. 
The prism is used by holding it against a large pin-hole or small slit in 
a bit of card, and directing them towards the sky, when the beautiful 
colours of the spectrum will be apparent if the card and prism are 
brought close to the eye. 

The most simple form of the refracting telescope is made with a lens 
of any focal length exceeding six inches, placed at one end of a tin or 
cardboard tube, which must be six inches longer than the focal length 
of the lens ; the tube may be in two parts, sliding one within the other, 
and when the eye is placed at the other end, an inverted image of the 
object looked at, is apparent. By using two double-convex lenses, a 
more perfect simple astronomical telescope is obtained. The object- 
glass, t>., the lens next the object looked at, must be placed at the end 



of a tin or pasteboard tube hu'ger than its focus, and the second lens,^ 
called the eye-^lass, because next the eve, is a smaller tube, termed the^ 
eye-tube ; and if the focal length of the object-glass is three feet, the 
eve-glass must have a one-inch focus, and of course the eye-tube and 
glass must slide freely in the tube containing the object-glass. An 
object-glass of forty feet focus will admit of an eye-glass of only a four- 
inch focus, and will, therefore, magnify one hundred and twenty times. 
A tube of forty feet in length would of course be very troublesome to 
manage, and therefore it is usual to adopt the plan originally devised by 
Huygens^ viz., that of placing tiie object-glass in a short tube on the 
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Fig. 307. A oom- 
nouud achromatic 
lens, composed of 
G c, the doable-con- 
▼ex lens ofcrown- 
glaiB, and w v, the 
lano-concavelens of 



piai 
Sin 



t-glasB. 



top of a liigh pole with a ball-and-socket joint, whilst the e^e-glass ia 
brought into ttie same line as the object-glass, and focused with a tube 

and rack-work properly supported. In an ordinary 
terrestrial telescope there are four lenses, in order 
that the objects seen by its assistance shall not be 
inverted ; and whenever objects are examined by a 
common telescope, they are found to be fringed, or 
surrounded with prismatic colours. This disagreeable 
effect is corrected bj the use of achromatic lenses, in 
which two kinds of glass are united ; and the light 
decomposed by one glass, uniting with the colours 
produced by the ^ther form white ught, thus a double 
convex lens of crown glass, c c, may be united with, 
a plano-convex lens of flint glass, f f, which must 
have a focus about double the lenifh of that of the 
crown-glass lens. The concave &ns corrects the 
colour or chromatic aberration of the other, and 
leaves about one-half of the refracting power of the 
convex lens as the effective magnifving power of the> 
compound lens. The French opticians cement the lenses very neatly 
together, and use them in ordinary spy and opera glasses. (Fig. 307.) 

XrV. The Stereoscope, 

This instrument has now attained a popularity quite equal to, if it 
does not surpass, that formerly enjoyed by the kaleidoscope, and without 
entering upon the much-vexed question of priority of discovery, it is 
sufficient again to mention with the highest resfject the names of 
Sir David Brewster and Professor Wheatstone as identified with the 
discovery and use of this most pleasing optical instrument. 

The principle of the stereoscope (meaning, solid I see) is copied 
from nature: i.e.y when both eyes are employedin the examination of an. 
object, two separate pictures, embracing dissimilar forms, are impressed 
upon the retins, and produce the effect of solidity; if the pictures formed 
at the back of the eyes could be examined by another person with a 
stereoscope, they would come together, and also produce the effect of 
solidity. 

Stereoscopic pictures are obtained by exposing sensitized paper in 
^the camera to tne picture of an object taken in two positions, or two 
cameras are employed to obtain the same result. If tne latter mode is 
adopted, the stereoscopic pictures must not be taken from positions too 
widely separated from each other ; or else, when the two pictures are 
placed in the stereoscope, they will stand out with a relief that is quite 
unnatural, and the object will appear like a very reduced solid model, 
instead of having the natural appearance presented by pictures which 
have been taken at positions too distant from each other. 

Sir David Brewster says, " In order to obtain photographic pictures 
mathematically exact, we must construct a binocular camera whidi will 
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take the pictures sunultaneously, and of the same size ; that is, by a 
camera with two lenses of the same aperture and focal length, placed at 
the sam6 distance as the two eyes. As it is impossible to grind and 
polish two lenses, whether single or achromatic, of exactly the same 
focal lengths, e?en if we had the very same glass for each, I propose to 
bisect the lenses, and construct the instrument with semi-lenses, which 
will give us pictures of precisely the same size and definition. These 
lenses should be placed with their diameters of bisection parallel to one 
another, and at a distance of 2^ inches, toMch i3 the average distance of 
the eyes in man ; and when fixed in a box of sufficient size, will form a 
binocular camera, which will give us at the same instant, with the same 
lights and shadows, and of tne same size, such dissimilar pictures of 
statues, buildings, landscape?, and living objects, as. will reproduce 
them in relief in the stereoscope." Thus with a single camera provided 
with semi-lenses, or two lenses of the same focal length, stereoscopic 
pictures can be obtained. 

To bring the images of the two pictures together, and produce 
the effect of solidity ; either of two instruments may be employed. The 
reflecting stereoscope is the invention of Professor Wheatstone. The 
refracting or lenticular stereoscope that of Sir David Brewster. 

The former is constructed bv placing two upright boards on a wooden 
stand at a moderate distance irom each other; the stereoscopic pictures 
are attached to these boards, which may be made to move up or down, 
and if the pictures are held in grooves, they may be pulled nght or left 
at pleasure, and thus four movements are secured — viz., upward, down- 
ward, right, or left. Between the two stereoscopic pictures are placed 
two looking-glasses, so adjusted that their backs form an angle of ninety 
degrees with each other. (Fig. 308.) 




Fig. 908. Wheatftone's reflecting stereoMope. 

The pictures are illuminated at nieht by a lamp or gas flame placed at 
the back of the mirrors, which, when fixed together, have the same shape 
as a prism ; indeed. Professor Wheatstone substituted a prism for tne 
mirrors, and thus paved the way for the invention of the lenticular 
stereoscope. 
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The stereotcopic effect is oblaiiied by bringing the e^ close to tho 
inclined mirrora, so thnt the two reflected imo^ coincide at the inter- 
section of the optic fuda ; the coincidence of the imaeea is further eecnred 
b; moTing either picture a little to the right or left, mid if the upright 
boards move bodilj in grooves to or from. Ac centre mirror, Uie greatest 
nicetj of adjustment is procured. 

During the last three jears of the Mthor's directorship of the Poly- 
technic— vii., in 1SB6, 1867, 1SG8 — nearly the whole of the pictnres 
shown by the diBSolving-view apparatus were coloured photographs from 
Mr. nine's original pictures, pamted two feet squsre in blue and white, 
and reduced on the glaas to abont six inches square. The coUodioa 
film being ftequently thick and difficult to penetrate with light, was 
etched ana scratched away where required, and filled in with couoc, and 
when these pictures were looked at with one eye only, they appeared to 
be Inmost solid or stereoscopic on the disc. 

The lenttcolar stereoscope consists of a box of a pyramidal sh^e, 
open at the base, and provided with grooves in which arc placed the 
stereoscopic pictures ; if the latter are takm 
on ^Ibbs the base of the box is held directij 
agamst the light, but if they are dagnerreotTpes 
or paper pictures, then a side light is refletned 
upon them by means of a lid covered in the 
inside with tinfoil, which is raised or lowered 
at pleasure from the top part of the box. Two 
' semi-leusea are now fitted into the narrow part 
of the box, and are placed at snch a distance 
from each other that the centres of the semi- 
lenses correspond with the pupil of the eres, 
and this distance has already been stated to 
amount to 3^ inches. (Fig. 309.) 

The principle of the lenticular stereoscope is 
perhaps better seen by reference to the next 
diagram, in which the centres of the semi-lenses 
(■'.«., a lens cut in half) are placed at 9^ inches 
apart, with their titiii edges towards each other, 
and marked, a b. Fig. SIO. The centres of the 

ai *« Ti i„j ,„ two stereoscopic piotores c d correspond with 

^t^iSS^. the centres of^the lenses, and tlie rays of light 
ditierging from c u fall upon the semi-lensea, 
and bdiig refracted nearly parallel are, by the prismatic form of the semi- 
letiaes,^flected from th^ course, and leave the surfaces of the lenses 
in the same dh;ection as if they actoolly emanated &om x ; and as all 
images of bodies appear to come in a straight line from the point whence 
they are seen, the two pictures are saperimposed on eacu other, and 
together produce the appearance of sohdity, so that a stereoscopic 
result ia obtained when the ipectral imaget of the two stereoscopic 
pictnres are made to overlsp each other, Sy taking one of the semi- 
lensea m each hand, and looking at the two pictures, the orei-l^ping 



of the tpeelrat imagei beoomea Tery ftppareiit, bo 
*p>dTal imaga, and not the pielxrc* themselYcs, an 
into a atereascope. (Pig. 310.) 



Sir David Bievster ta.ji, " In order that the Ivo imt^ ma; eoaleioe 
mthout an; eSbrt or stndn on the part of the eje, it is neceuarj that 
the distance of the similar ports of the two drBvuigB be equal to twice 
the aeparation prodnced by the priem. Foe this purpose measure the 
distance at which the semi-lenses give the most distinct view of the 
steteoseopio pictnres, and luvins Bscertiuned by nsins; one eye the 
amount of the re&action prodnoea at that distance, oi the quantity by 
which the image of one of the pictures is displaced, place the stereo- 
scopic pictures at a distance equal to twice that quantity^ — that is, place 
the pictures so that the average distance of similar parts in each is equal 
to twice that quantity. If this is not correctly done, the eye of the 
observer wiU correct the error by making the ima ^ coalesce, without 
being sensible that it is making any such effort. When the dissimilar 
stereoscopic pictures are thus united, the solid will ^pear standing as 
it were in refief between the two plane representations," 

XY. Tie Slereomonaeope. 

U. Claudet, whose name has long been celebrated in connexion with 

the art of photogra]]hy, has described an instrument by which a single 

ficture is made to simulate the appeajance of solidity, and he states that 
y means of tbis arrangement a number of persons may observe the 
eneet at the same time. The apparatus required is very simple, con- 
sisting of a huge double convex lens, and a screen of ground gloss. The 
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object A, Eig. 311, is highly illimiinated, and ]^laced in the focus of a 
doable convex lens b, when an image of the object is projected, and will 






It—- 




Pig. 811. The stereomoncMioope. 

be found suspended in the air in the conjugate focus of the lens at c, 
and from this point the rays of light will diverge as from a real object, 
which will be seen by separate spectators at d d and £ E ; and if the 
screen of ground glass is placed at g g, the image will appear with all 
the effect of length, breadth, and depth, which belong to solid bodies. 

(Kg-311-) 
An ima^ formed on ground glass in this manner can be seen only in 

the direction of the incident rays, and the stereoscopic effect is not 

apparent when the ima^e is received on a calico or transparent screen, on 

account of the rays being scattered in all directions. 

XYI. The Stereomompe, 

This arrangement is an important modification of the other, and 
consists of a screen of ground glass (a b. Fig. 312), and two convex 
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Fig. 812. The rteNomoMope. 



lenMS (c D, and e r) arranged in such, a manner that they will project 
images of the Btereoscopic pictures, a E, nt the same point on the 
screen, AB. 

It might be thought that a coDfusion of images would refmlt from 
projecting two pictures on one point, r — viz., the focus of the two 
lenses ; bat as each photograph can he seen onlj in the direction of its 
own raj^B, it follows that u the eyes are so placed that each receives the 

3ression of one stereoscopic picture, the two images most coalesce, 
a slereosoopic effect will be the result, aa ia apparent at k k and 
L L : so that several persons may look at the stereoscope at one time. 
(Pig. 312.) 

XVn. Tie PttHdoteopt. 
This curious optical instrument, as its name implies, produces a false 
image by the refracting power of prisms, and ia tae invention of 
Proiesaor Wheatatone. Wnen used with both eyes, the same aa the 
stereoscope, it inverts the relief of a solid body, and makea it appear 
exactly as ^it were an intaglio, or auok beneath the line suiroundmg it. 
For instance, a terrestrial globe when looked at through the paeudo-' 
scope appears to be concave, like Wylii's Globe in Leicester-square, 
instead of convex. A vase with r^ed ornaments upon it looks aa if 
it had been tamed (to reverse the usual expression) outside in, and 
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the whole of its conyexity is turned to concavity ; and of conrse a face 
seen under these circumstances looks very curious. (Fig. 313.) The 
cause is perhaps somewhat difficult to understand; but by taking other 
and more simple examples of the same effect, the principle may be 
gradually comprehended. 

Sir David Brewster, in his " Letters on Natural Magic/' remarks 
that " one of the most curious phenomena is that /alse perception in 
vision by which we conceive depressions to be elevations, and elevations 
depressions— or by which intaglios are converted into cameos, and 
cameos into intaghos. This cunous fact seems to have been observed 
at one of the early meetings of the Boyal Society of London, when 
one of the members, in looking at a gumea through a compound 
microscope of new construction, was surprised to see the heaa upon 
the coin depressed, while other members could only see it embossed, as 
it really was. .... The beat method of observing this deception 
is to view the engraved seal of a watch with the eye-piece of an achro- 
matic telescope, or with a compound microscope, or any combination 
of lenses which inverts the objects that are viewed through it ; a single 
convex lens will answer the purpose, provided we hold the eye six or 
eight inches behind the image of the seal formed in its conjugate focus." 

After bringing forward various interesting experiments in further 
explanation of the cause. Sir D. Brewster states it to be his belief that 
the illusion is the result of an operation of our own minds, whereby 
we judge of the forms of bodies by the knowledge we have acquired of 
light and shadow. Htnce, the illusion depends on the accuracy and 
extent of our knowledge on this subject ; and while some persons are 
under its influence, others are entirely insensible to it. This statement 
is borne out by experience, as the author, whilst Resident Director of 
the Polytechmc, had four of Wheatstone's pseudoscopes placed in the 
gallery, with proper objects behind them ; and he ^quentlv noticed 
tnat some visitors would look through the instrument ana see no 
alteration of the convex objects, whilst others would shout with delight^ 
and call their friends to witness the strange metamorphosis, who in 
their turn mLsht disappoint the caller by being perfectly insensible to 
its strange effects. 

The pseudo-effects of vision are not confined to the results already 
explained, but are to be observed especially whilst travelling in a coacli^ 
when the eyes may be so fixed as to give the impression of movement to 
the trees and houses, whilst the coach appears to stand still. Ll railway- 
carriages, after riding for some time and then coming to a stand still, if 
another train is set slowly in motion by the one at rest, it frequently 
happens that the latter appears to be moving instead of the former. 
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CHAPTER XXIV. 

THE ABSOSFTION 07 LIGHT. 

The analysis of light has been explained in a previous chapter, and it 
has been sliown how the 'spectrum is produced. Ck)lour, however, may 
be obtained by other means, and the property enjoyed by certain bodies, 
of absorbing certain coloured rays in preference to others, offers another 
mode of decomposing light. 

The property of absorption is shown to us in every kind of de^ee by 
innumerable natural and artificial substances ; and by examimng the 
spectrum through a wedge of blue fflass. Sir David Brewster was enabled 
to separate the seven colours of the spectrum into the three primaiy 
colours, red, yellow, and blue, which he proved existed at every ])oint 
of the spectrum, and by overlapping each other in various proportions, 
produce the compound colours of orange, green, indigo, and violet. 

Connected with this property is the remarkable effect produced by 
coloured light on ordinary colours, and the sickly hue cast upon the 
ghost in a melodrama, or the fiery complexion imparted to tne hair 
of Der Ereischutz, or the jaundiced appearance presented by eveiy 
member of a juvenile assembly when illuminated with a yellow light 
from the salt and burning spirit of "snapdragon,^' are too well known 
to require a lengthened descrfpiion here. 

If a number of colours are painted on cardboard, o;r groups of plants, 
flowers, flags, and shawls, are illuminated by a mono-chromatic lij^t, and 
especially tne light procured from a Lurge tow torch well supphed with 
salt and spirit, tne effect is certainly very remarkable ; at the same time 
it shows how completely substances owe their colour to the liglit by 
which they are illuminated, and it also indicates why ladies cannot 
choose colours by candle-light, unless of course they propose to wear 
the dress only at night, when it is quite prudent to see the colours in 
a room lit with gas ; and this fact is so well known that with the chief 
drapers, such as at Messrs. Hailing, Pearce, and Stone's, Waterloo House, 
a darkened room lit with gas is provided during the daytime to enable 
purchasers of colourod dresses to judge of the effect of artifical light upon 
them. Whilst the flowers, &c., are£ghted up with the yellow light, a 
magical change is brought about by throwing on suddenly the rays from 
the oxy-hydrogen %ht, when the colours are again restored ; or if the 
latter apparatus is not ready, the combustion of phosphorus in a jar of 
oxyeen will answer the same purpose. The Lght obtained from the 
combustion of gas affords m excess of the yellow or red rays of light, 
which causes the difference between candlelight and daylight colours 
already alluded to. 
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CHAPTER XXV. 

TBS INFLECTION OB DIFFBACTION OF LIGHT. 

In this part of the subject it is absolutely necessary to return to the 
theory of undulations with which the present subject was commenced. 
The inflection of lieht offers a third method by which rays of light may 
be decomposed and colour produced. The phenomena are extremely 
beautiful, although the explanation of them is almost too intricate for a 
popular work of this kind. 

The cases where colour is produced by inflection are more numerous 
than might at first be supposed; thus, if we look at a gaslig^ht or the 
setting sun through a wire gauze blind, protecting the eye with a little 
tank of dilute ink, a most oeautiful coloured cross is apparent. An 
extremely thin fihn of a transparent matter, such as a little naphtha or 
varnish dropped on the surface of warm water or soap bubbles, or a very 
thin film of^ glass obtained by blowing out a bulb of red-hot glass till it 
bursts, or an exquisitelv thin plate of talc or mica, all present the 
phenomena of colour, altnough they are individually transparent, and in 
ordinary thicknesses auite odourless. 

Sir Isaac Newton brought his powerful intellect to bear on these 
facts, and as a preliminary step invented an instrument for measuring 
the exact thickness of those transparent substances that afforded colour, 
and the apparatus displaying Newton's rings is still' a favourite optical 
experiment. It consists of a plano-convex lens, a. (Fig. 314?) a slice. 




B 

Fig. 814 The two lexues. with fhe plate or film of air between them, and prododng 
eeren coloared rings when tiie lenses are brought sufficienfly close to Mch other by the 
screws. 

as it were, from a globe of glass twenty-ek;ht feet in diameter, or the 
radius of whose convex surface is fourteen feet. This plano-convex lens 
is pkced on another double convex lens, b., whose convex surfaces have 
a radius of fifty feet each, consequently the lenses are very shallow, and 
the space (c c) included between them being filled with air, can of course 
be accurately measured. (Fig. 314.) It is usual to mount the lenses in 
brass rings which are brought together with screws, when the most 
beautiful coloured rings are apparent, and are produced by the extreme 
thinness of the film or plate oi air enclosed between the two lenses ; and 
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the relative thicknesses of the plates of air at which each coloured light 
is reflected are as follows :— 



Eed . . . 


. 133 


10 millionths of an inch. 


Orange 


. . 120 




» 


YeUow. . < 


. . 1131 




M 


Green . . . 


. . 105i 




99 


Blue . . . 


. . 98 




99 


Indigo . . 


. . 92i 




» 


Violet . . . 


. 83i 




9> 



By dividing an inch into ten millions of parts, and by taking 133 of such 
parts, the thickness of the film of air required to reflect ttie red ra^ is 
obtained, and in like manner the other colours require the minute thick- 
nesses of air recorded in the table above. When the thickness of the 
film of air is about tt^.^^tij^^^s ^^ ^^ ^\ ^^^ colours cease to become 
visible, owing to the union of all the separate coloifts forming white 
light, but if the Newton rings are produced in mono-chromatic light, 
then a greater number of rings are apparent, but of one colour only, 
and alternating with black rings, i.e., a dark and a yellow succeeding 
each other ; this fact is of great importance as an illustration of the 
undulatory theory, and demonstrates the important truth, that itoo rays 
of light may interfere tdth each other in such a manner as to produce 
darkness. 

Sir David Brewster remarks that, "From his experiments on the 
colours of thin and of thick plates, Newton inferred that they were 
produced by a singular property of the particles of light, in virtue, of 
which thev possess, at different j>oints of their paths, /{^« or dispositions 
to be reflected from or transmitted by transparent bodibs. Sir Isaac 
does not pretend to explain the origin of these JUs^ or the cause which 
produces them, but terms Witmfits of transmission hndfts ofrejlexion" 

Sir Isaac Newton objected to the theory of undulations because ex- 
periments seemed to show that light could not travel through bent tubes, 
which it ought to do if propagated by undulations like sound ; and it was 
reserved for the late Dr. Young to prove that li^ht could and would turn 
a comer, in his highly philosophical experiments illustrating the inflection 
or bending in of tne rays of light. 

Dr. Young placed before a hole in a shutter a piece of thick paper 
perforated witn a fine needle, and receiving through it the diverging 
beams on a paper screen, found that when a slip of cardboard one- 
thirtieth of an inch in breadth was held in such a beam of light, that 
the shadow of the card was not merely a dark band, but divided into 
light and dark parallel bands, and instead of the centre of the shadow 
being the darkest part, it was actually white. Dr. Young ascertained 
that if he intercepted the light passing on one side of the slip of card 
with any opaoue body, and allowed the light to pass freelv on the other 
side of the slip of cardboard, that all the bands and tne white band 
in the centre disappeared, and hence he concluded that the bands 
or fringes within the shadow were produced by. the interference 
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of tie raft ieat Mo ti» liadov bf one tide of the card, wilh the rap bent 
vUa the thadoK by tie other hde. (Fig. 31&}. 



Rg.ais. 

Inofder to show how two wares may interfere so as to exalt or deatror 
each other, two seta of wavea maj be propagated on the surface of a stiu 
tank ot bath of water, froto the two pointa a a (Fig. 316), the black 
lines or circles representing the tops of the waves. It will be seen 
that along the lines b b the waves interfere jnst half way between each 
other, so that in all these directiona there will be a amootb surface, 
provided each set of waves is produced bj precisely the some degree of 
aisturbing force, so as to be perfectly eqnal and ahke in even respect, 
and the ust wave of one set exactly holt a wave in advance ot the first 
wave cS the other, while at the cnrre in the direction of all the line c C, 
the waves coincide, and produce elevations or undolations of double 
extent: in the intermediate spaces, intermediate effects will, of course 
beproduced. 

Professor Wheatatone has invented some very simple and be»utiAil 
acoustic apparatoa for the purpose of proving that the some lawa of 
interference exist also in aound, which, as already atoted, oonsista in 
the vibntions or undulation of the particles of air. 
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The natipre and effects of interference are also admirably illastrated 
by the following models of Mr. Charles Woodward, President of the 
Islington Scientific Institution^ and to whom we haye already alluded. 
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Piff. 816.— No. 1. A model of waves with moveable rods.— No. 2. A model of fixed waves.— 
No. 8. Intensilj of waves doubled by the superposition and coincidence of two equal 
systems.- No. 4. Waves neutralized by the superposition and interference of two equal 
qrstems, the raised part of one wave accurately fittmg into and making smooth the hollow 
cic the other, illustrating the &ct that two waves of light or sound may destroy each other. 

Eetuming again to the coloured rings, we find that Newton discovered 
that at whatever thickness of the film of air the coloured ring first ap- 
peared, there would be found at twice that thickness the dark ring, at three 
limes the coloured, at four times the dark, and so on, the coloured rings 
regularly occurring at the odd numbers, and the dark ones at the even 
numbers. This discovery is well illustrated by the models (Fig. 316) ; and 
it maybe noticed at No. 3 that the highest andthe lowest purts of the waves 
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interfere, bat coincide and produce a wave of double iatcnsit; ; the little 
cniues of the upper model are in a straight line with the numbers 1, 3, 
G, 7, and aie supposed to represent the coloured rings, whilst in No. i 
the upper series of wares is naif an nnduktion in advance of the lower ; 
and il the eje is again directed from the little crosses downward, the 
fiffures S, i, 6, 8, ereu numbers, are apparent, and represent the dark 
rings, when the waves of light destroy each other. The pheaotiien& of 
thin plates, such as colours tram soap bubbles, and the fihns of varnish, 
are well explained bj the law of interference. The light reflected from 
the second surface of the film of air (which must of course, however 
thin, have two surfaces, vii., a upper and a bwer one) interferes with 
Uic light reflected ham the first, and as thej come from different points 
of space, one ut of waves is in advance of the other. No. i, Fig. 316 ; the; 
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reach the eye with different lengths of paths, and bv their intetferenee 
form alternately the luminous and dart fringes, oands, or circles. 
Bridge's diffraction apparatus, manufactured ooly bj Elliott Brothers, 
offers itself specially as a most beautiful drawing-room optical instm- 
ment. The purpose of this apparatos is to illustrate in great variety, 
and in the most convenient and com^ct form, the phenomena of tho 
diffraction or interference of light. This is attained bj the assistaoos 
of phot<wraphv. Transparent apertures in an opaque collodion film are 
prodnced on glass, and a point of light ia viewed through the apwtnres. 
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The fonns of the spertores are ezeeedinfclj vuioiu, — triai^les, iqnu^ 
circles, ellipses, parabolas, hyperbolas, and combiiiftUona of them, besides 
man; figures of fanciful forms, are included in the set. When an 
ima^e oT the sun is viewed through these apertures, figures of eitm- 
oi'dinar; beauty, both of form and colonr, are produced ; and of each 
of tbese manj variatiotia maj be obtained b; placing the eve-glaas of 
the telescope at different distances &om the object gloss, Manj of the 
figures produced, eapeeially when the telescope is out of focus, might 
auggest veiy useful hints to those concerned m designing patterns. 
Although the phenomena are chiefly of interest to the student of science, 
in coDsequenoe of their bearing on theories of light, yet their beauty and 
variety render them amusing to alL A few words on the mode of using 
the apparatus may be of aervice. (Fig. 31S.) 



ng. 318. Elliott Bntben* difi^utlon ftjipuittu. 

Choose a very bridit day, for then only can the apparatus be used. 
Place the mirror in the sun, and let the light be reflu^cd on the back 
of the blackened screen. The lens which is inserted into this screen 
will then form an exceedingly bright image of the sua. Then at the 
distance of not less than twclre feet, clamp the telescope to a table in 
such a position as to view the image thos formed. Put the eccentric 
cap on the end of the teleacope, clean the glass objects carefoUy, and 
attach tbcm to the cap so that they may be turned each in order before 
die telescope. In this manner, all those which consist of a aeries of 



figures may be viewed. Then detach the eccentric cap, and replace it 
by the other. Into it place any of the single objects. In viewini 
of the figures, brightness is ativantageous — in others, delicacy ; 



former case, let the lens of long focus be inserted in the s 
latter case, that of shorter focus. In every case, let the phenomena be 
observed not only when the telescope ia in focus, but also when the 
eye-glass is pushed in to vsrio^is distances. 

iii. Warren de la Rue has ingeniously taken advantage of the colonra 
produced by thin films of Tamish, and actually ,/K«rf the lovely iridescent 
colour proanced in that manner on highly polished paper, which is 
termed " iridescent paper." A tank of warm water at 80 Tabr., about 
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BIX inohes deep, and two feet six inobes aipsie, is prorided, and a highly 
glaied sheet of white or black paper beiiiK firat wett«d on a perfomtea 
metallic plate, ia then sunk with the plate oelow its Borfoce, caxe being 
taken to aToid air bubbles. A pe<niliar ramiBh is then allowed to 
trickle slowlj down a sort of tongue of metal placed in the middle oC 
one of the sidea of the tank, and directlj the varnish touches ilie snr&ce 
cf the water it begins to spread ont m exqaisitel; thin films, and bj 
watching the operation close to a window anil skimming awaj all the 
imperfect films, a perfect one ia at last obtained, and at that moment the 
paper Ijine on the metal pbte is raised from the bottom of the tank, and the 
delicate fiSn of vamish secored. When dry, the iridescent colours are 
apparent, and the paper is employed for many ornamental purposes. 
An extremely sunple and 

O method of producing; 
)n's rings has been in- 
vented b; Reode, end ia called 
"Reode's iriscope." A plate 
of glass of anj shape (pertiapa 
circular is Ibe best) is painted 
on one side with some quickly 
drying black paint or Tamish, 
aud after the other side has 
, been cleaned, it is then rubbed 
. over with a piece of wet so^ 
and this is rubbed off with a 
clean soft duster. A tube of 
about half an inch in diameter. 
Fig. 3W. Bad**! iitiscipb snd twelve inches long, is pro- 

vided, and is held about one 
inch above the centre of the soaped side of the glass plate, and directlj 
t^ breath is directed down the tube on the gloss, an immense number 
of minute particles of moisture are deposited on the glass, and these bj 
infieetion decompose the light, and all the colours of the rainbow are 
prodaced. (Kg. 319.) 

The iridescent colours seen upon the surface of mother-of-pearl, which 
Ur. Simonds' excellent commercial dictionary tells na is "the name for 
the iridescent shell of the pearl ojster, and other molluscs," are refer- 
rible to fine parallel lines formed by its textor^ and are reproducibK 
according to Brewster's experiments, by taking impressions of them in 
soft wax. The gorgeous colours of certain shells and fish, the feathers 
of birds, Barton s steel buttons, are not due to an; inherent piffmenl or 
colouring matter that could be extracted from them, but are owing either 
to the pecuhar fibrous, or parallel-lined, or laminated (plate-like) surfaces 
npou which the light falls, and being reflected in paths of different lengthy 
interfoenoe occnis, and cobuied light is produced. 
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CHAPTER XXVI. 



THE FOLABIZATION OF LIGHT. 



This branch of the phenomena of light indudes some of the most 
remarkable and gorgeous chromatic effects ; at the same time, regarded 
philosophically, it is certainly a most difficult subject to place in a 
purely elementary manner before the youthful minds of juvenile phi- 
losophers, and uiuess the previous chapter on the diffraction of light is 
carefully examined, the ranonale of the illustrations of polarized light 
will hardly be apprecis^d. We have first to ask, " What is polarized 
light ?" The answer requires us again to carry our thoiu;hts back to 
the consideration of the undulatory theory of light, alreaay illustrated 
and partly explained at pages 262, 330. 

Alter perusing this portion of the subject, it might be considered 
that waves of light were constituted of one motion only, and that an 
undulation might be either perpendicular or horizontal, according to 
circumstances. (Fig. 320.) 



j\r^iMir\r\j 




No. I. 




Ko.2. 




This simple condition of the waves of light could not, however, be 
reconciled theoretically with the actual facts, and it is necessary in 
regarding a ray of light, to consider it as a combination of two vibrating 
motions, one of which, for the sake of simplicity, may be considered as 
perpendicular, and the other horizontal; and tms idea of the nature of 
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an imdulation of lidit originated with tlie late Ut. Young, who wUle 
cooaideriiw the resmts of Sir D. Brevster's researcbes on the laws of 
doable tefrection, first proposed the theoij of tranSTer&ol (cross-wise) 
vibration. Dt. Young illuatrated his theory with a. Blretched coed, 
which if agitated or ?iolenth shaken petpenaiculatlT, produces a wave 
that runs alon^ the cord to the other end, and maj be often seen illus- 
traled on the banks of a river OTcrbang with high bushes: the bargemeu 
who drive the horses pulline the vessel bj a rope, would be continually 
stopped by the stunted thick bushes, but directly they approach them, 
they nve the horse a lash, and then violently agitate the rope vertict^ j, 
whico is thrown into waves that pass along the rope, and deal the 
bashes in the most perfect nuumei. (Fig. 321.) 



liR.tlt. BugauiitliiairiDitUitow-iDptiBtanTMUKvtitOT 




Now if a.similor movement is made 
with the stretched rope from rieht to 
left, another wave wul be produced, 
which will run along the cord in an 
horJEontal position, and if the latter 
is compared with the perpendionlar 
I B undnlation, it will bo evident that each 
set of waves will be in planes at right 
angles to and independent of each 
ouer. Thin is supposed to be the 



of a 



reofct 



BO that if a section is taken of such 
Em nndulation, it will be represented 
by a circle a b c n (Kg. 322), vrith 
^J^ two diametersAB, and c B; or a better 
mechanical notion of a vave of com- 
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mon light is acquired from the inspection of another of Mr. Woodward's 
cardboard, models. (Fig. 323.) 




Fig. 823. Model of a wave of oommon light. 

The existence of an alternating motion of some kind at minute intervals, 
along a ray is, b&js Professor Baden Powell, " as real as the motion of 
tran^ation by which light is propagated through space. Both must 
essentially be combined in any correct conception we form of li^ht. 
That this alternating motion must have reference to certain directions 
transverse to that of the ray is equally established as a consequence of 
the phenomena; and these two principles must form the basis of anj 
explanation which can be attempted." A beam of common light is 
therefore to be regarded as a rapid succession of systems of waves in 
which the vibrations take place in different planes. 

If the two systems of waves are separated the one from the other, 
viz., the horizontal from the perpendicidar, they each form separately 
a ray of polarized light, and as rresnel has remarked, common light is 
merely polarized light, having two planes of polarization at right angles 
to each other. To follow up the mechanical notion of the nature of 
polarized light, it is necessary to refer again to Woodward's card 
wave model (Eig. 323), and by separating the two cards one from 
the other it may oe demonstrated how a wave of common light reduced 
to its skeleton or primary form is reducible into two waves of polarized 
light, or how the two cards placed together again in a transversal position 
form a ray of common light. (Pig. 324.) 

No. L No. 2. Na 3. 
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Fig. 821.— No. 1. Cknnmon lights made up of the two waves of pdlaiixed 

li^t, No8. 2 and 8. 

The query with respect to the nature of polarized light bein^ answered, 
it is necessary, in the next place, to consider how the separation of these 
transversal vibrations may be effected, and in fact to tok what optical 
arrangements are necessary to procure a beam of polarized li^ht ? Light 
may be polarized in four different ways — ^viz., by reflection, smgle refrac- 
tion, double refraction, and by the .tourmaline— viz., by absorption. 
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Folarization by Reflection, and by Single Befraetion, 

In the jeBX 1810, the celebrated French philosopher, Mons. Mains, 
while loolunff through a prism of Iceland spar, at the light of the setting 
sun, reflected from the windows of the Lnxembnrff palace in Paris, 
discovered that a beam of light reflected from a plate of glass at an 
angle of 56 degrees, presented precisely the same jjroperties as one of the 
rays formed by a rhomb of Iceland spar, and that it was in fact polarized. 
One of the transversal waves of polarized light of the common light, 
being reflected or thrown off from the surface of the glass, whilst the 
other and second transversal vibration passed through the plate of 
glass, and was likewise polarized in another plane, but oy single refrae- 
tion, so that the experiment illustrates two of the modes of polarizing 
light — viz., by reflection, and by single refraction. This important ele- 
mentary truth is beautifully illustrated by Mr. J. T. Goddard's new 
form of the oxy-hydrogcn polariscope, by which a beam of common 
light traverses a long square tin box without chan^ ; but directly a 
bundle of plates of glass composed often plates of thm flattened crown 
glass, or sixteen plates of thin parallel glass plates used for microscopes, 
are slid into the box at an angle of 66^ 45', then the beam of common 
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rig. 326.— No. 1. ▲ is the lime light, b. The condenser lenses, o. Thebeun cfeowmon 
light. Here the glass plates are removed.— No. 2. ▲. Lime light, b. The condenser 
loxses. o. The handle of plates of glass at an angle of 66° 46^ d is the raj of light 
polarized hy reflection from the glass plates, c o, ana x is the heam of polarized U^t hy 
■ingle relkacUon, haring passed tkroogh the handle of pistes of glassi o c. 
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light ia split into two 
beains of polarized light, 
yiiach pursuo their re- 
spectwB paths, ooe paaa- 
icg hj single refriiotioQ 
Uicough the glass, and the 
other Deing refleoted, and 
rendered apparent b; 
opening an ^rtnre over 
the glass plates, and then 
again by oaing a little 
smoke irom brown paper, 
the course of the rajs 

becomes more apparent. ot „ , 

lie H^e tram is weu tSiii&m. b. Light poU 
illustrated bj the card- 
board model wave and a wooden plane vith horizontal and perpendicalar 
slits, placed at an angle of 56* iS', as at Fig. 336. 

FOLilLIUnOK BY DOUBLE SBIXACTIOK. 

The name of /)i>HJ&-refiactiiig or leeland Spar is given to a very 
clear, limpid, and perfectly transparent mineral, composed of carbo- 
nate of lime, and foond on the eastern coast of Iceland. Its crystal- 
lographio features' are well described by the Rer. Walter Mitchell 
in his learned work on mineralogy and crystallography, and it is suffi- 
cient for the object of this article to state that it orystaUiiea in rhombs, 
and modifications of the rhomboidal system. It most not be confounded 
with rock or monntain crystal, which, under the name of quartz, crystal- 
lizes in six-sided prisms with six-sided pyramidal tops; quartz beiiig 
composed of silica, or silicic add and calcareons spar of carbonate of 
lime. Yen larfte specimens of the hitter mineral ore rare and valuable, and 
the lion of specimens of calcareous, or double-refracting spar, is nowin the 

Jossession of Professor Tennant, the eminent mineralogist of tho Strand. 
t is nine inches high, seyen and three-quarters inches broad, and five 
and a half inches thick ; its estimated valae being. 100/. This beanttf ol 
specimen has been photcvrapbed, and its stereograph illustrates in a 
rer/ striking manner the double refracting properties of the spar. 

If a printed slip of paper is placed behind a rhomb of Iceland spar, 
two images of tne former are apparent, and the stereograph alr^dy 
alluded to shows this fact veij perfectly, at the same time illustrates 
the value of the stereoscope. Out of the stereoscope the words " Stereo- 
scopic Uagazine " appear doubled, but seem to lie in the same plane ; 
but directly the picture is placed in the instmment, then it is clear^ 
seen that one image is evidently m a very different plane from the other. 
The donble-refiactmg power of this mineral is illustrated by holdii^ a 
amoU rhomb of Iceland spar, placed in a proper brass tube before 
the orifice as at Fig. 327, from whii^ the rays of common light are 
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piiSMng ; if an opaque screen of brass perforated witli a small hole is 
introduced behind the rhomb, then, mateiid of one circle of light 
bring apparent on the screen, two are produced, and both the raja 
issuing m this manner are polarized, one being tenned the ordinary and 
the oSer the eitcaordinary taj. (Kg. 327.) 



Tfg. 327. A, The condfluen. 
luUnd mt. tt. Tb* oMmij, > 
light 

The polarizing propertj of the rhomb is perhaps better shown by 
the next dia^m, where a b represents the obtuse angles of the Icel&nd. 
spar, and a line drawn from A to b, woiUd be the axis of the crystaL 
The incidental ray of common light is shown at c, and the oppositely 
polarized transmitted rays called the ordinary ray o, and extraordioai^ 
lay E, emei^e from the opposite face of the rhomhoid. If a black line is 
tnled on a sheet of paper aa at k k, and eiamincd by the eye at c, it 
appears doable aa at e e and 1 1. (Fig. 33S.) 




^e cardboard model is agfun useful in 
ot light b; double refraction, and if a 
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spar is made of glass plates, one face of which has an apeitnre like a 
cross, and the otner a horizontal and perpendicular sHt, as at Nos. 1 
and 2 (Fig. 329), the production of the oroinarj and extraordinary rays 
is demonstrated in a familiar manner, and is easily comprehended. 
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Pig. 329.— No. 1. One twoe of the model rhomb to admit the transrenal vibration, repre- 
sented by the cardboard model— No. 2. The opposite &ce of the rhomb, from whidi iuoe 
the polarized, ordioary, and extnKvdinaxy rays.- No. 3. Side view of the model. 

In Newton's " Optics" we find the following description of Iceland 
spar : — " This ciystal is a pellucid fissile stone, clear as water or crystal 
of the rock (quartz), and without colour. • . • • Being rubbed on clotb 
it attracts pieces of straw and other light things like amber or glass, and 
with aquafortis it makes an ebullition If a niece of this crys- 
talline stone be laid upon a book, every letter of the 000k seen through 
it will appear doable by means of a double refraction." 

FOLABIZATION BT THE TOT7RMALU7E, 

This mineral was first disooyered during the sixteenth century, in 
the island of Ge;[lon, afterwards in Brazil, and smce that period at 
various localities in the four quarters of the globe. In the Grevillian 
collection purchased many years ago by government for the British 
Museum, tnere is a fine specimen of red tourmaline valued at 500/. 
The green tourmaline is named Brazilian emerald, and the Berlin blue 
tourmaline is called Brazilian sapphire ; the mineral chiefiy consists of 
sand (silica^ and alumina, with a small quantity of lime, or potash, or soda, 
boracic acid, and sometimes oxide of iron or manganese. When light 
is passed through a sUce of this mineral it is immediately polarized, one 
of the transversal vibrations being absorbed, stopped, or otherwise dis- 
posed of, the other only emerging from the tourmaline, consequently it 
IS one of the most convenient polarizers, although the polarized light 
partakes of the accidental colour of the mineral. Green, blue, and 
yellow tourmalines are bad polarizers, but the brown and pink varietieii 



boy's FI1A.TB00K. or eciBKOX. 

i, and it is a most curionB fact that wliite tourmsline doea 
i. (Fig. 330.) 




The mineral cryatallues in long prisms, vhose primitive form is the 

obtuse rhomboid, having the axis parallel to the asia of the prism. The 

tenu axis with reference to the earth, as shown at pose 16, is an 

tingle line around 



which the mass rotatea, but ii 
crjstal it means a lingU direclion, 
because a erf atol is made up of 
a number of similar crystals, each 
of which mnst hare its axis, thus 
the whitest Carrara marble re- 
duced to fine powder, moistened 
with water and placed under & 
niicroscope, is found to consist 
chiefly of minnte rhomboids, simi- 
kr to calcareous spar. The 
smallest cijstal of this mineral is 
divisible again and without limit 
into other rhombs, each of which 
g possesses an aiis. (Kg. 331.) 

If a plate of taormaline is hdd 

■how lb« dlvlilon of the luge orrital into the Sun (lite tbe ga; youth in 

^ioa«BBd«Miinona^^mWwU(!b^ Hogarth's picture who ia_ being 

withS^he tarw"cr)it»l p»r»lS ioTb 1. tm arrested whilst absorbed with thS 

»^a>n«qn«3b*etMml»omplojediuBBllj wonders of a tourmaline, which 

in the phind nrnnba a»>. ^^^ ;,, ^^^ j painter's time, * 

' popular curiosit J,} it ma; be turned round in all directions without the 
slightest difference in the appearance of the light, wiiich will be coloured 
bj the accidental tint of the crystal, but if a second slice of tourmaline 
is phkced behind the other, there will be found certain directions in whit^ 
the bght passes through both the slices, whilst in other positions the light 
w completely cut off. 
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When the axes of both phites coincide, the light polarized by one 
tourmaline will pass through the other, but if the axes do not coincide, 
and are at right an- 
gles to each other, ^ ^ 
Qien the polarized 
light is entirely 
stopped, and the m- 
tionale of this will be 
appreciated at once 
if a tourmaline is re- 
garded (mechanical- 
ly) as if it were like a 
grating with perpen- 
dicular bars through 
which the polarized 

li«l»f «r;n ^JLi, A «iv Fig' 833. A. Model of the first slice of tourmaline Into 

Ugni wm pass. Any ^Yd3i the traiuversal vibrations, b, are passuMr ; the horizontal 

number of such grat- wave is absorbed, and the perpendicular polarized one proceeds 

inffS with the bars Jo the second sUce of tourmiOine, c,wh^^^ 

^ n 1 1 J r ^infif »* "%!** angles to those of ▲, it is stopped, and cannot 

parallel would not pass thronghanl^ the bars of o are parallel with a. 

stop the polarized 

li^ht, but if the second grating is turned round ninety degrees, the bars 
will be at right angles to those of the first ^atin^;, and the perpen- 
dicular wave of polarized Hght cannot pass. (Fig. 332.) 

Splendid Chromatic ^ecta produced by Polarized Light* 

Having discussed the various modes of obtaining polarized light, the 
next step is to arrange an apparatus by which certain double reiracting 
crystals, and other bodies, snail divide a ray of polarized light, and then 
by subsequent treatment with another polarizmg surface, the divided 
rajs are caused to interfere with each other, and afford the phenomena 
of colour. Bodies that refract light singly, such as gases, vapours or 
liquids, annealed glass, jelly, Rums, resins, crystallized bodies of the 
tessular system, such as the cuoe and octohedron, do not afford any of 
the results which will be explained presently, except by the influence 
of pressure, as in unannealed glass, or a bent cold glass bar. Bj compres- 
sion or dilatation, they are changed to double re&actors of light. The 
bodies that possess the property of double refraction (though not to the 
visible extent of Iceland spar), are all other bodies such as crystallized 
chemicals, salts, ciystaUizea minerals, animal and ve^table substances 
possessing a uniform structure, such as horn and quill; all these sub- 
stances divide the ray of polarized light into two parts, and by placing 
a thin film of a crystal of selenite (which is one of the best minerals that 
can be used for the purpose) in the path of the beam of polarized light, 
coming either from the glass plates, as in No. 2, (Ei^, 325), page 338, 
or from a slice of tourmaRnc, and then receivii^ it through the ordinary 
focusing lenses or object-glasses of the oxy-hydrogen microscope, no 
colour is yet apparent in the image of the selenite on the screen, nntil 
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another tooimaluie, or a bundle of elaas plates, is Tdsced «t an angle of 
C6° 16', and at right angles to tJie {riaoe of teflection of the first set of 
plates ; then the most gorgeous colotin soddeulr appear over all parts of 
the dm of Belenite its depicted on the screen, Gke other objects shomi 
bj the oij-hydrogen microscope. (Fig. 333.) 




g *|ipuitiu. A. The li^ht uid tha condmMt leu 
a. The pUtel of glus at the proper BDEle. o. Ths jelmite ol^Mt. D. The focniir 
Imi, ■. The ucood hoodie a platoi of glus call«d the uaJjier. t. A itop fat e: 
trueou nje of light g. Thelnugeort^filmofseleiiltsinotC beutlAiU; oolaimd 



becansB cither the reflected or refracted polarized ra^ can be rendered 
available ; it consists of the apparatus sbown at Tie. 325, and to 
this is added a low microscope power, and stage to hold the selenite 
or other objects, with another bundle of sixteen plates of the tliin 
microscopic glass or mica, called the analjser. A slice of tourmaline, 
or a Nicol's prism maj be employed, instead of the second bundle of 
reflecting plates. When the raj of polarizeii light reflected from the 
first set of glass plates enters the donblj refracting film of selenite, 
which is aboct the fortieth or fiftieth part of an inch in thickness, it is 
split into the ordinary and extraordinary rays, and is said to be dipola- 
rized, and forms two planes of polariiea ligbt, vibrating at rieht angles 
to each other. When the latter are received on another bundle of plates 
of glass called the analyser, at on angle of 66° 16', but at right an^es 
to the first set of glass plates, they interfere, because in the passage of 
the two rays from the selenite they have traversed it in different direc- 
tions, with different velocities ; one of these sets of waves will therefore, 
on emerging fena'the opposite face of the selenite he retarded, and lie 
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behind the other; bat beia^ polarized in different pl&nes, thej cannot 
wUrftre until their planes of polarization aie made to coincide, whidi ia 



Fig. 331. Ths el«tiia lamp ud lutan of Dabouq,, iboning tha pniJMtlgn of Ui< 
oirboa polH m the diac. Thi>np«lmeDtijperfoniiedwltlitbeh«lpotlh«plaD»«on<w 
lvi% 4, nA QiB TBji pua thnogh % veij narrow qiertme li A» 




Ha. ni. 1 1. Cnd nodal of ■ baun of poluiied Uffat Kimlng from tho Ant 
pMwof Rlua,aIi<twil*tFlg.33e.p,33>. s. Model of ths film of adeDlte. wU 
or dlpoltiizet ths nr ii into o uid d, nhlch, inler&ring bj meuii of ths uooi 
of puta of gliH outd tb* Biulrier %, prodnoo refimtad ohiomatlo eSboti bj In 
■t a, nd M&*Dt*d aSMa U >. 
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effected by means of the second bundle of glass plates called the analyser ; 
and ,when this is brought into a position at right angles to the first set 
of reflecting glass plates, half the ordinary wave interferes with half the 
extraordinary wave; and bein^ transmitted through the analyser, 
produces, say red and orange, whilst the remaining halves also interfere, 
and being reflected, afibrd the complementary colours ^een and blue. 
(Eig. 334.) The term eomplementarv is intended to define any two 
colours containing red, yellow, and blue, because the three combined 
together produce white light ; for example, the complementary colour to 
red woula be green, because the latter contains yellow and blue; the 
complementary colour to orange would be blue, because the former 
contains red and yellow. Any two colours, therefore, which together 
contain red, yellow, and blue are said to be completneniary ; and u this 
principle was better understood, ladies would never commit sudh 
egregious blunders as they occasionallv do in the choice of colours for 
bonnets and dresses, and select a olue bonnet to be worn with a 
green dress, or vtce versa. By rotating the analyser, the reflected 
and refracted rays change colours, and if the former is red and the 
latter green, by moving the analyser round 90^, the reflected rays change 
to green and the refracted to red ; at 180^ the colours again chai^ 
places ; at 270° the reflected ray wUl be again green, and the refracted 
red ; to be once more brought back at 360'' to the original position, viz., 
reflected rays red, refracted green. The thickness of the films of 
selenite determines the particular colour produced. 

If the selenite is of a uniform thickness, one colour only is obtained, 
and by ingeniously connecting pieces of various thicknesses (in the same 
forms as stained glass for cathedral windows), the most beautiful designs 
were made by the late Mr. J. T. Cooj)er, jun., which have since been 
manufacturea in great quantity and variety bv Mr. Darker, of Paradise- 
street, Lambeth. The colours of these selenite objects are seen by 
placing them in front of a piece of black glass, fixed at the polarizins^ 
angle, and then examining the design with a sUce of tourmaline, or s^ 
better with a single-image Mcol prism, when the most brilliant colours 
are obtained, and varied at every change of the an^le of the analyser. 

Selenite, or sparry-gypsum, is the native crystallized sulphate of lime, 
which contains water of crystallization TCaO, SOj, 2H0). It frequently 
occurs imbedded in London clay, ana is called quarry glass oy the 
labourers who find it at Shotover Hill, near Oxford, and also in the 
Isle of Sheppey. 

At a very early period, before the discovery of glass, selenite was used 
for windows ; and we are told that in the time of Seneca, it was im- 
ported into Rome from Spain, Cyprus, Cappadocia, and even from 
Africa. It continued to be used for tliis purpose until the middle ages, 
for Albinns informs us, that in his time, the windows of the dome of 
Mersebu^ were of this mineral. The first greenhouses, those invented 
by Tiberius, were covered with selenite. According to Pliny, bee- 
hives were encased in selenite, in order that the bees might be seen at 
work. 



OHBOUATIO EFFECTt Or KtlABIZED USBT. 347 

The late Dr. Fereira has placed ttie phenotnena already d«gcribed m 
the form of a moat instructive digram, which we boiroT from his 
elaborate work on " Folorixed Light.'' (Fig. 336.) 



4 



Flt.su, 1. AnrofmiuiionarimpolariHdlJsht, InddoitoDa. a. The polulin (■ 
jiMt ultoawnaliBt}. 0. A niof plue poUrluf light, ioddent on D. v. Ttaeduublj. 
nfiictfaicBhnnfHlenUa. i. The eitnoidlCHT nj. o-llieardliiirTniT, pmdiKedhTthe 



TcfraotliiA film of ife 
double WMtlni of 



. ... _ .. blj; 

irdlurr mi, pnidiKed hitha 
.J — .J U1..I., prlnn). 



e. The ualjin (or donblj-nfrutlnB or Nice 

-. Ib« eitnordinir; r^, prodoold ^^ th* donble n 

— ^ --.,_ -to. The wdinuj imja o >. Thd vx&mordlnizy nji pndDood hj 

(he double rsfticdon of tba ordinuj i^, o. 

The chromatic effects described are not confined to Belenite objects 
only, bot are obtained from glass, pronded the particles aie in a state 
of oueqnal tension, aa in masses of unannealed glass of various fonDa. 
(Fig. 337-) Consequently, polarized light becomes a moat valuable 
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.^g. 337. 270.1. TTDBuncalcd frlua (br the poliriieoM. Noi, SudS. AppeanDoe of the 
polariKcpe. 

means for ascertaining the condition of particles otbenrise iuvisiUe and 
inappreciable. One of the most beantifnl esperimente oan be made 
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with a bar of pUte-glas3, which refracts light singly nntil pressure is 

qiplied to the centre, in order to bend it into an arcn or curve, when 

the appearance pre- 

^ seated in Pig. 333 is 

apparent, 

A c[uill placed in the 
polanzing apparatus is 
also discovered to be 
in a state of unequal 
tension br the appear- 
ance o f eo'onred fnnges 
within it, which change 
oolonr at eyerj move- 
ment of the analjser. 
Another scries of 

Lhe preaiars ot the beautiful appearsjices 

,^,S'or'JwS? P""^' themselves 
■iMdUght. ' when a raj of white 

polarized hght is made 
to pass perpendicularly through a slice of any crystallized substance 
witn a single axis ; if tbe analyser consist of a slice of tourmaline, a 
number of concentric 
coloared rings are ren- 
dered visibS with a 
black cross in the cen- 
tre, which is replaced 
with a white one on 
moving the tourmaline 
througn each quadrant 
of the cirob. 

Crystals of Iceland 
spar present this phe- 
nomenon in great 
beautv; and if the 
crystd (such as nitre) 
has two axes of double- 
refraction, a double- 
system of coloured 
rings is apparent, with 
the most curious 
clianges and combina- 
tions of the black and white crosses with them. (Fig. 339.) 

Mr. Goddard has recommended the optical arrangement (Fig. 340) for 
showing the rings with great perfection, as also the number of rings 
that increase in some crystals (the topaz, for example), with the 
divergence of the rajs of polarized light passing through them. 
,™.^' 3'^'''^*'i^'*i?°'*r°^'^i''^^™^" p<&riflcope and microscope, 
n-.L -I fi_i .. . . jell adapted, from its 




3 by Smith and Beck, of Coleman-atreet, i 
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aimplimtir and perfection, to eiiubit bU the Taried and beantifnl efFectg 
of polarized light; and ve onlj regret that vant of apace prerents u 



ns.av>. m, FDlarlud light ■ b. A leni of ahort R>ciu, tmumittbiK a nns of 
light with ID utile of dlrnEence Ibr Jti rmji, o 0, or «>°. d d. The crjiua or topu, 
Icflluid ipv* or mtre. i ■, The lUca of blue ttiormallne ta kuljaliig, 

describing it in detail, although tbe reader may eee the bodj of the 
spparatns at page 1S3, where the modifications of the oxj-hjdrogen 
_ Lgnt are described and figured ; and the polarizing apparatus would be 
placed, of conree, in front of the light isaumg from the lantern, 

Finall;, the question of utility (the cut iouo) mav be considered in 
answer to the querj, What Is the use of polarized light P 

"the. value to scientific men of a knowledge of the nature ' of this 
modification of common light cannot be overrated. It has given the 
philosopher a new kind of test, bj which he discovers the structure of 
things that would otherwise be perfeotiv iinknown ; it ha» given the 
astronomer increased data for the exercise of his reasoning powers: 
whilst to Jhe microscopist the heaat; of objects displajed bv polarized 
light has lone been a theme of admiration and delight, and nas served 
as a guide ror the identification of certain varieties of anj given sub- 
stance, Buch as starch. 

A tnbe provided with a polarizer of tourmaline, or a single-image 
}(icol prism, is invaluable to t^e look-out at the mast-heaa in cases 
where vessels are navigating either inland or sea water, where the 
presence of hidden rocks is suspected, because the polarizer rejects all 
the glare of light arising from unequal refiecttan at the surface of water, 
and enables the observer to gaze into the depths of the sea and to 
examine the rocka, which can onlj be perfectly' visible hy the refracted 
light comingfrom their surfaces tbrou^ the wftt«r. 

FrofessorWheatslone has invented an ingenious polarizing dock for 
showing the hoar of the da; b; the polarizing power of the atmosphere. 
Birt, Powell, and Leeson have each mventeainstnunents for examining 
-the circular polarization of fluids, h; which a more intimate knowledge 
of the relative values of saccharine solutions ma; be obtained, besides 
unfolding other truths important to investigators in this branch of 

And last, but not least, it was with the assistance of polarized light 
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that Dr. Faraday establislied the relation that exists between light and 
magnetism, and through the latter, with the force of electricity ; and 
the next figure indicates the necessary apparatus required to repeat this 
highly important physical truth — yiz,, tne deviation of the plane of 
pdanzation of light by the influence of the magnetic force from a 
powerful electro-magnet. (Fig. 34:1.) 
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"Big. 941. JuTheligbtandcondeDBerlens. b. Single-image Nicol prisnu o. Bock crystil 
of two TotatioxMS. d. A doable-convex lens, x x. Faraday's heavy glass, v v. The 
powerflil electro-magnet connected with battery, o. Double-refiracting prisms. h« 
Image, or screen w&re the deviation of the idtme of polarization hj the magnetio foree 
isalMwn, 

By another and equally beautiful experiment at the London Institu- 
tion, Professor Grove demonstrated the production of all the other kinds 
of force from light, using the following arrangement for the nurpose : 

A prepared daguerreotype plate is enclosed in a box full of water 
having a glass front with a shutter over it; between this glass and tiie 
plate IS a gridiron of silver wire ; the nlate is connected with one ex- 
tremity 01 a galvanometer coil, and the gridiron of wire with one 
extremity of a Breguefs helix; the other extremities of the galva- 
nometer and helix are connected by a wire, and the needles brou^t to 
zero. As soon as a beam of either daylight or the oxy-hydrogen l^ht is, 
by raising the shutter, permitted to impinge upon the plate, ^e needles 
are deflected. Thus, light being the initiatory force, we get ^ 

Chemical action on the plate. 

Electricity circidatiu^ through the wires^ 

Magnetism in the cou. 

Beat in the heUx, 

Motion in the needle. 

Such, then, are some of the glorious phenomena that we have en- 
deavoured to explain in this and the preceding chapters on light. 
Here we have noticed specially how completely we owe their appre- 
ciation to the sense of sight operating through the eye, the oi^an of 
vision. Well may those who have lost this divine gift speak of their' 
darkness as of a lost world of beauty to be irradiated only by better 
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tuid mora endaring l^ht; and most feelinglj does Sii J. Coleridge 
speak oa this point vhen he wjb : — 

"Conceive to j'ontselvea, for a mooient, what is the ordinaiy enter- 
tainment and coDTersation that passes aionnd any one of joni familj 
tables; how macj things we talk of as matters of coarse, as to the 
nnderstimdmg and as to the bare conception of which Bight is ahso- 
Intelj uecessaiT. Consider, ueain, what an affliction the loss of sight 
most be, and that when we talk of the golden sim, the bright stars, the 
beantiful flowers, the blnsh of spring, the glow of snmmer, and the 
ripening fmit of autnmn, we are talking of things of which we do not 
aoQTe;tothemi))ds of these poor creatures who are bom blind, anjrthing 
like an adei^uiito conception. There was once a great man, as we SlU 
know, in this countrr, a poet — and nearly the greatest poet that 
En^aud has ever had to Doast of — who was blind ; and there is a 
passace in his works which is so tme and touching that it eiactl; 
descnoes that which I have endeavouied, in feeble language, to paint, 
Uilton sajs :— 

'Ttnu vHb the }«sc 



Cot ott, md file tbg book of kooiriBige bir 

PNMDMd with ■ miivetui blnik 

Of NatDTfl'a worb^ to nw flxpnnnd wdA isied, 

iai wbdom U ana mtnna* qslte ilmt oat, 

Somuh th« nOur, tlum, aalnUil U^ 

BUm Imraid, aid nw pund throuali «ll her Hnm 

IntAitSi turv plant ns) iU nuit flom t£«iioB 

Pun IM dlapOM. ttut I DUT lea nd tcU 

Of tfalugi InviiiblB to mortal rigfat' 

The great poet, when intent upon his work, sought for celestial light to 
mccomplish it. And this brings me to that part of the labours of our 
Blind Institutioas apon which I dwell the most and which, after all, is 
the greatest compensation we con afford to the inmates for the affliction 
the; suffer; and that is, the means we provide for them to read the 
blessed Word of God, which they can read bj day as well as by n^it, 
for li^t iu their case is not an essenliaL" 
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CHAPTER XXVn. 



Thboughout tliB greater number of the preceding chapters it will bo 
eTi<Wt that tbe active properties of mattei: ma; be sommed up under 
one general head, and ma; De considered as Tarieties of attraction — such 
as the attraction of ^vitation, cohesive attraction, adhesive attraction, 
attroctbn of composition (oi diemical attraction), electrical attraction, 
magnetical attraction. 

The absolute or autocratic s;stem does not, however, prevail in the 
Torks of oatnre; and she seems ever aniiouB, wbikt imparting 
great and peculiar powers to certain agents, to create other forces 
which ma; ccntroi and balance them. Thua, far instance, the 
great force of cohesive attraction is an ever-present power dis- 
oeniibie, as nas been shown, in solids and liquids j bat ii this agent 
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were allowed to ran riot in its full strength and intensity, it would 
tyrannicallj hold in subjection all liqoid matter, and every drop of water 
which is at present kept in the liquid state, would succumb to its iron 
rule, and retain the solid state of ice. Hencc^ therefore, the wise 
creation of an antagonistic force — viz., heat ; which is not provided in 
any nimurdly manner, but is liberallv bestowed upon the globe from that 
all-sumcient and enormous source, the sun. And it is by the softening 
and liquifying influence of his rays that fne greater proportion of the 
Water on the surface of the globe is maintained in the fluid condition, 
and is enabled to resist the power of cohesion, that would otherwise 
turn it iJl, as it wer^ to stone. 

Cohesion, electricity, and magnetism fully embody the notion of 
powers of attraction, or a drawing together ; whilst heat stands almost 
alone in nature as the type of repulsion, or a drivina back. 

Mechanically, repulsion is demonstrated by the reooundof a ball from 
the ground: the piuis which touch the earth are for the moment com- 
pressed, and it is the subsequent repulsion between the partides in those 
parts which causes them to expand again and throw off the biJL 

The development of heat is produced from various causes, which may 
be regarded as at least four m number. Thus, it was shown by Sir 
Humphrev Bayy, that even when two lumps of ice are rubbed together, 
sufficient neat is obtained to melt the two surfaces which are in contact 
with each other. Friction is therefore an important source of heat, 
and one of the most interesting machines at the Paris Exposition con- 
sisted of an apparatus by which many gallons of water were kept in the 
boiling state by means of the heat obtained from the friction of two 
copper discs against each other. The machine attracted a good deal of 
attention on its own merits, and especially because it sunplied boiling 
water for the preparation of chocolate, which the public was duly 
informed was boiled by the heat rubbed out of the otherwise cold discs 
of copper. When cannon made on the old system are bored with a 
drill, it is necessary that the latter should be kept quite cool with a 
constant supply of water, or else the hard steel nught become red-hot, 
and would then lose its temper, and be no longer capable of performing 
its duty. 

Count Eumford endeavoured to ascertain how much heat was actually 

generated by friction. When a blunt steel bore, three inches and a 
alf in diameter, was driven against the bottom of a brass cannon seven 
inches and a half in diameter, with a pressure which was equal to the 
weight of ten thousand pounds, and made to revolve thirty-two times in 
a minute, in forty-one nunutes 837 grains of dust were product, and 
the heat generated was sufficient to raise 113 pounds of the metal 70^ 
Eahrenheit— a quantity of heat which is capable of melting six pounds 
and a hsdf of ice, or of raising five pounds of water from the freezing 
to the boiling point. When we experiment was repeated under water, 
two gallons and a half of water, at 60** Fah., were made to boil in two 
hours and a half. 
Chemical affinity has been so often alluded to in these pages, that it 
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may be frafficient to mention only one good instance of its almost magical 
power in evoking heat. When a bit of the metal sodium is placed on 
the tip of a km&, and throst into some wann quicksilyer, or if a pellet 
of sooinm and a few globules of meicuiy are placed on a hot i>late just 
taken from the oven, and then gently squeezed together, a vivid pro- 
duction of heat and light is apparent; and when the mixture of the 
two metals is cold, it will be found that the quicksilver has lost its 
fluidity, and a solid amalgam of sodium and merouir is obtained, which 
gradually, by exposure to the air, returns to the liquid state, the 
mercury being set free^ whilst the sodium is oxidized, and forms soda. 
Just as an ordinary alloy of copper and ^\d used by jewellers would 
lose its colour and brillialicy by toe oxidation of the copper ; and when 
the rusty, dirty film is removed by rubbing and polishing, the surface is 
again brilliant, and remains so until another film of the exposed copper 
is attacked ; in like manner the sodium is attacked and ohanfod. by the 
oxygen of the air, whilst the mercury being unafiPected retams its bril- 
liancy, and at the same time regains its fluidity. The evolution of heat 
in the above case indicates that a chemical union has taken place between 
the two metals. 

Examples of the production of heat by electricity and magnetism 
have been abundantly shown in the chapters on these subjects ; and one 
of the best illustrations of this fact has been shown on the occasion of 
the opening of the telegraphic communication between France and Ens^- 
land Dv means of the suomarine cable, when cannon were fired alternately 
at botn ends of the conducting cable by means of electricity, and the 
event thus inaugurated in both countries. 

That heat is a product of living animal oiganization is shown, as it 
were, visibly by the marvellous phenomena that proceed in our own 
bodies. People do not very often trouble themsdves to ask where the 
heat comes from, or even to think that this invisible power must be 
maintained in the body, and that slow combustion, or, as liebig terms 
it, eremaeaiuis, must continually go on inside our fnul mortal tenements ; 
and more than this, that we cannot afford to waste our heat. If the 
body is deprived of heat faster than it can be generated, death must 
inevitably occur ; and a very melancholy instance of this remarkable 
mode of death has lately occurred in Switzerland to a Russian gen- 
tleman. 

Such another instance of a man being slowly frozen to death within 
sight and sound of other beings, tlirough whose veins the blood was 
flowing at its accustomed temperature (about 90° Fahr.), it would be 
diffic^ to find, and it stands forth, therefore, as a marked example and 
iUusbration of the statement already made, that living animal organisms 
are truly a source of heat, which is as essential to the well-being of the 
body as meat, drink, and air. 

Meat is of two kinds, and may be either apparent to our senses, and 
therefore caXled. sensible heat ; or it may be entirely concealed, although 
present in solids, liquids, and gases, and is then termed insensidle Or 
tafeni hesA, 
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The first effect of this force is & demonstration of its repulsive agenej, 
and the dilatation or eipansioTi of the three forme of matter whilst under 
the influence of heat, admits of rery simple illuBtrations. The expansion of 
& solid subetance, as, for instance, a metal, on the application of heat, 
is apparent bj fitting 
a solid brass cjUnder 
into a proper metal 
gaa^, whicn is acen- 
rateljr filed so as to 
admit the former 



then heated, either 
bj plnngiDg it into 
boiling water or bj 
the application of the 
flame of a spirit lamp, 
its particlea are sepa- 
ratedfromeach otber; 
tiey now occupy 
B larger space, and 
expansion is the re- 

nntt unr^thisiorWrlir Tig. 3A ± ■. Cjlindec of bnu. B. Iron nnn, idmlt 
BUll, raaimsiSClearl^ „* ^ longltndlBiUy, ud «lw in tbe hole ■ wWrold, bid 
proved b; the appli- eiijIiuiiiigiBwhainielitteTlib«U«d«idffi!piuidei1, 
cation of the gauge, 

which is no lou^r capable of tecetring it. (Fig. 343.) Tnien, how< 
ever, the latter is cooled, the opposite result occurs, the particles of 
brass return to their old position, and contraetirm takes place ; hence it is 
stated that "Bodies expand bjheat and contract by cold;" and it is 
proper to state here that the term "eold" is of a negative character, and 
eiomlj means the absence of heat. 

Solid bodies do not expand equally on the application of the same 
amount of heat ; thns, a bar of glass one inch square and one thousand 
inches lon^ would onl; expand one inch whilst l^ated from the freezina; 
to the boilmg point of water. A bar of iron one inch square and eight 
hundred inches long would expand one inch in length, thcongfa the same 
degrees of heat; and a bar of lead one inch square and three hundred 
and fift; inches long wonld also dilate one inch in length. Hence, 

Lead expands in volame . , , . jjgth. 

Iron -sfeth. 

Ghiss Tifestli- 

The unequal expansion of the metals is well illustrated b; an experi- 
ment devisnl bj Dr. Tjndal, the respected Professor of Natural Philo- 
sophy in the Bojal Institution of Great Britain, and is arranged as 
follows : — A long bar of brass and another of iron are supported on the 

A A 2 
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edees of two pieces of wood placed at an ane^le, and resting against the 
sictes of a mahosany framework. The metallic bars only toucn one end 
l^ ^ of the frame, and are 

-^— in metallic commu- 
nication with a piece 
of brass inserted 
there, and forming 
part of a conducting 
chain connected with 
a voltaic battery; 
when heat is applied 
to both bars they ex- 
pand uneaually ; the 
orass bar dilates first, 
and filling up the mi- 
nute space left be- 

Fig. 341 A A. The bran bar which has expanded by the tween the two ends 
heat from fhe gas jet B, and nuddng the amtacTbetweei the '7™/"® *V ^ 
brass plates in connexion with the binding screws o o, the 01 tne trame, tOUClies 
voltaic drooit is completed, and a coil of platinum wire in the another brass plate 
glass tube D, is immediately imited. The iron bar at BB has not j mafanflv nmn 
expanded sufficiently, which is shown afterwards by removing ^^ instanuy COm- 
the angular wooden supports x k, when the iron fluls ofT, and pletes the YOitaiC Cir- 
the brass remains on tne two ledges of the mahogany frame- Q^f^ when a Coil of 

"»*"'• platinum wire be. 

comes ignited, showing the fact of expansion; and secondly, the diffe- 
rence in the power of dilatation possessed by each is clearly shown by 
removing the two angular supports of wood, when the iron falls away, 
whilst the brass remains and still completes the voltaic circuit. (Fig, 344.) 

The force exerted by the expansion of solids ia enormous, and reminds 
us again of the amazing power of all the imponderable agents ; and it is 
tmly wonderful to notice how the entry of a certain amount of heat into 
and between the partid^ of metals, or other solids, endues them with 
a mechanical force which is almost irresistible, and is capable of workuiff 
much harm. Kussn6 made an experiment with an iron sphere, which 
he heated from a temperature of 32° Fahr. to 312° Fahr., and he found 
that the expansion of the ball exerted a force, equal to 4000 atmospheres 
— 1.0. 4000 X I5^n every square inch of surface, or a pressure equal to 
thirty millions of pounds ; the entry of only 180° of heat into the iron 
sphereproducedtlus remarkable result, just as Faraday has calculated that 
a single drop of water contains a sufficient quantity of electricity to pro- 
duce a result equal to the most powerful flash of hghtnin^, provided the 
electricity of quantitv in the drop of water is converted mto electricity 
of high tension or intensity. 

The practical applications of this well-known propertv of solids with 
respect to heat are very numerous; thus, the iron bullet-moulds are 
always made a little hxgpr than the requisite size, in order to allow for 
the expansion of the hot liquid lead, and the contraction of the cold 
metid. The tires of wheels and the hoops of casks are usually placed on 
whilst hot, in order that the subsequent contraction may bind the sp(^es 
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And fellies, or the staves, closely together. If an allowance was not 
made for the expansion and contraction of the iron rails on the perma- 
nent ways of railroads, the regularity of the level would be constantly 
destroyed, and the position of the rails, chairs, and sleepers would be 
most seriously deranged; indeed it is calculated that the railway bars 
between London 
and Manchester 
are five hundred 
feet longer in the 
summer than in the 
winter. 

The walls of the 
Cathedral of Ar- 
magh, as also those 
of the Conserva- 
toire des Art et Me- 
tiers, were brought 
back to a nearly 
perpendicular po- 
sition, by the m- 
8ertion(throuffhthe 
opposite walfi) of 
great bars of iron, 
which being alter- 
nately heated, ex- 
panded, and screw- 
ed up tiffht, then Fig. 846. The iron frame, with oo,wroaght-iron bar heated by 
^.^^IaJT.^ JLv^4««^4- potting on the semidrcQlar piece of iron x x, which is firnt made 
COOieaanaoontract- red-hol, and as the heat ii communicated to the wrought Iron 
ed, gradually cor- rod o o, it ia screweff up tight hr the nut x. » a. The index 
rected the bnlcinff AttachedtotheironftamescTewedup when hot; the arms come 
^^ fcuo uujKuig together at p, and separate ftirther to h k aa the contraction 
out 01 the wails or taies place by cooling the bar o s. 

main supports of 

these buildings. The principle of these famous practical experiments is 
neatly illustrated by means of an iron frameworkwith a bar of iron placed 
through both its uprights, and screwed ti^ht when hot ; on cooling, con- 
traction occurs, which is shown by a sim^e index. (Fi^. 345.) 

It has often been remarked that there is no rule without an excep- 
tion, and this applies in a particular instance to the law that ''bodies 
expand by heat and contract by cold" — ^viz., in the case of Eose's 
tiisible metal, which consists of 

Two parts by weight of bismuth, 
One part „ lead. 

One part „ tin. 

To make the alloy properly, the lead is first melted in an iron ladle, 
and to this are added first the tin, and secondly the bismuth ; the 
whole is then well stirred with a wooden rod, and cast into the shapes 
of a bar. 
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When placed in the pyrometer and heated, the bar expands pro* 
gressively till it reaches a temperature of 111° Fahr.; it then begins ta 
contract, and is rapidly shortened, until it arrives at 156° Fahr., when it 
attains a maximum density, and occupies no more space than it would 
do at the freezing-point of water. The bar, after passing 156°, again, 
expands, and finally melts at about 201° which is 11° below the* 
boiling-point of water. Fusible metal is sometimes made into tea- 
spoons, which soften and melt down when stirred in a cup of hot tea or 
basin of soup, to the great surprise and bewilderment of the victim of 
the practical joke. 

Unequal expansion is familiarly demonstrated with a bit of toasted^ 
bread, which curls up in consequence of the surface exposed to the fire 
contractiuff more rapidly than the other ; and the same fact is illus* 
trated with compound flat and thin bars of irdn, and brass, which are 
fixed and rivetted together ; wh«a heated, the compound bar curves^ 
because the iron does not expand so rapidlv as the brass, and of course 
forms the interior of the curve, whilst the orass is on the exterior. 

The experiment with the compound bar is made more conclusive and 
interesting by arranging it with a voltaic batterjr and platinum lamp. One 
of the wires from the battery is connected with the extremity of the 
compound bar, and as long as it remains cold, no curve or arch is pro^ 
duced, but when heat is applied, the bar curves upwards, and touching 
the other wire of the battery, the tsircuit is completed, and the platinum: 
lamp is immediately ignited. (Fig. 346.) 




Tig. 340. A B. Compound bar resting on two blocks of wood. The end a is conneeiei' 
with one of the wires irom the battery. The circuit is completed and the platinum lamp 
s ignited directly the bar cnnres ufnoards hr the heat of the spirit lamp^ and touohea the 
wire o o connected irtUi the oppoate pole of the battery. 

The expansion and contractipn of liquids by heat and cold is also< 
another elementary truth which admits of ample illustration, and 
indeed introduces us to that most usefal instrument called the ther> 
mometer. 

If a fiask is fitted with a cork through which a long glass tube, open 
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at both ends, is passed, and then carefully filled with water coloured 
with a little solution of indigo, so that when the cork and tube are 
placed in the neck, all the air is excluded, a rough thermometer is thus 
constructed, which, if placed in boiling water, quickly indicates the in- 
creased temperature by the rising or expansion of the coloured water 
inside the flask. (Fig. 347.) 




Piff . 347. ExpanBion of liquids .shown at a by the coloured water rising in the tabe from 
the nuk, which is quite Ml of liquid, and heated by boiling water, b. The expansion of 
the wator heated by the spirit-wmp is shown by the riung of the piston and rod o o. 
s represents a retort filled up like a to show the expansion of a liquid by heat. 

The thermometer embraces precisely the same principle as that 
already described in Eig. 347, with this difference only, that the tube is 
of a much finer bore, and the liquid employed, whether alcohol or 
mercury^ is boiled and hermeticallY sealed in the tube, so that the air is 
.entirely excluded. To make a thermometer, a tube with a capillary 
bore is selected of the proper length ; it is then dipped into a slass con- 
taining mercury, so that the tube is filled to the length of hau an inch 
with that metal. The half-inch is carefully measured on a scale, and 
the place the mercury fills in the tube marked with a scratching 
diamond ; the mercury is then shaken half an inch higher, and a^ain 
marked, and this proceeding is continued until the whole tube is divided 
into half inches. The object pf doing this is to correct any inequalities 
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in the diameter of the bore of the glass tube, because if wider at one 
part than another, the spaces filled with the mercury are not eqmd ; 
as the bore is usually conical, the careful measurement of the tube 
with the half inch of mercury in the first place gives the operator 
at once a view of the interior of his tube, ana enables him to graduate 
it correctly afterwards. (Eig. 348.) 



€ 



B 



Fig. S4B. A B. Hasnifled view of the bore of one of the thermometer tabes whieh are 
BUide by rapidly drawing out a hollow nuus of hot glass whflst soft and dootUeb 
consequently the bore must be conical, and larger at one end than ihe otiier. 

The next step is to heat one extremity by the lamp and blowpipe, and 
whilst hot, to blow out a ball upon it ; if this operation were per- 
formed with the mouth, moisture mm the breath would deposit inside 
the fine bore of the glass tube, and injure the perfection of the tiier- 
mometer afterwards. In order to prevent any deposit of water, the 
bulb is blown out, whilst red-hot, with the air mm a small caoutchouc 
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Fig. 340 a.— No. 1. First bnlb. The intended leneth of the thermometer is shown at tha 
little cross.— No. 2 is the second buu> placed above the cross. 

bag fitted on to the other extremity of 
the tube. The operator now marks off 
the intended lengtn of his thermometer, 
and above that point the tube is again 
softened with the flame and blowpipe, and 
a second bulb blown out. (Fig. 349 a.) 

The open end of the tube is now placed 
under the surface of some pure, clean, dry 
quicksilver, and heat being applied to the 
upper bulb, the air expands and escapes 
through the mercury, and as the tube 
cools a vacuum is produced, into which 
the mercury passes. By this simple me- 
thod, the mercury is easily forced into 
the tube, as otherwise it would be impos- 
sible to pour the quicksilver into the ca- 
pillary l)ore of the intended thermometer, 
(Fig. 349 b.) 

jAie tube is now taken from the glass 
containing the mercury, and simply in- 
verted; but in consequence of the verr 
Fig. S4B 6. Heatinff sad expanding narrow diameter of the bore the air will 
^tti°»KaprV,SS ?«* PMB out of tte first bnlb imta h«t 
rise into the tube and im the bulb b. 18 applied, when the air expands, and the 
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mercnn. Sat Btatioiuuy in toe second bulb, irill dot displace the air, 
and &ll into the fint bulb when the tnbe is again cooL 

The bid]. No. 1 (Fig. 349 a), ia now full of mercury, and there is aUo 
some left in No. 8 ; in the next pkce, the tabe is supported br a vire, 
and held over a charcoal fire, irhen it is heated throughout its entire 
length, and the mercniy being boiled expels the ieA«le of tAe air, so 
this there is nothing inside toe bulbs and capillair bore but mercury 
suditsra^or. (No. 1, Fig;. 3E0.) The open end of the intended ther- 
mometer IS now temporanlf closed with sealing-wai, and the whole 
allowed again to cool with the sealed end uppermost, so that the ball 
Ka 2, Fig. 360, and the tube above it, are quite filled with quicksilTer. 

After coolbg: the tnbe is placed at an angle with the sealed end 
uppermost, and, guided by experience, the operator heats the lower 
bulb BO u to expand enough mercury into the upper one to leave space 
for the future expansion and contraction of the mercuiy in the tube, 
which has now to be hermetically sealed. This is done by dexterously 
beating the tube at the cross wbust the mercury in the firat bulb is stiU 
expanded ; and by drawing it out rapidly with the help of the beat obtained 
from the himp and blowpipe, the second bulb is separated from the first 
at the littk cross (b. No. 3, Fig. 360), and the thermometer tube at last 
properly filled with quicksilyer, and hermeticallj closed. (No, 4, Kg. 360.) 



1. BoUlng qolokBUvBT In thft tab« with two bnlbfl.-^Ifo. a. Tubd Boolfld, 
rmetlaUj Hiliid b; 
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In order to procure a fixed startine-point, the thermometer tube is 
placed in ice, with a scale attached ; the temperature of ice never varies, 
it is always at 32 degrees. When, therefore, the mercury has sunk to 
the lowest point it can do by exposure to this degree of cold, the place 
is marked off in the scale, and represents that position in the graduated 
scale where the freeadng noint of water is indicated. 

The tube is placed in tne next place in a vessel of boiling water, care 
being taken that the whole tube is subject to the heat of the water and 
the steam issuing from it, and when the mercury has risen to the highest 
position attainame by the heat of boiline water, another epraduation is 
made which indicates 212 degrees — viz*, the boiling point of water. This 
graduation should be made when the barometer stands at 30 inches, 
because the boiling point of water varies according to the weight of the 
superincumbent air pressing upon it. 

Between the ^aduation of the freezing and the boiling point of water 
the space is divided into 180 parts, wmch added to 32 make up the 
boiling point of water to 212 degrees, being thejntiduation of Fahrenheit, 
who was an instrument-maker of Hamburg. Whv he divided the space 
between the freezing and boiling point of water nooody app^irs to know, 
unless he took a halt circle of 180 degrees as the best division of space* 
If the thermometer contains air the mercury divides itself frequently 
into two or three slender threads, each separated &om the other in the 
capillary bore, and thus the instrument is rendered useless until the 
threads again coalesce. If the thermometer has been well made, and 
is quite free from air, it may be tied to a string and swung violently 
round, when the centrifugal force drives the slender threads of mercuir 
to their common source — ^viz., the bidb containing the quicksilver, and 
the whole is a^ain united. The string must be attached, of course, to 
the top of the thermometer scale. 

When travelling on the Continent it is sometimes desirable to be 
able to read the thermometers which are graduated in a different manner 
to that of Fahrenheit. In France the Centigrade scale is preferred, and 
in many parts of Germany Reaumur's graduation The difference of 
the graduation is seen at a gknce. 

In the Centigrade the freezing point is 0, the boiling point 100^ 
Beaumur „ 0, „ 80^ 

Fahrenheit „ 32°, „ 212% 

The nnmber of degrees, therefore, between boiling and freezing is 
100 in the Centigrade, 80 in Eeaumur, and (212 —32, that is) 180 in 
Fahrenheit. 

If, then, the letters C, E, F, be taken to denote the nufnber of degrees 
from the freezii^ point at which the mercury stands in the Centigrade, 
Beaumur, andF^enheit thermometers, we have the following pro- 
j^rtions :— 

(1.) 100 : 80 :: C : R, whenceC = Jof R, orR = t of C. 
f2.) 180 : 100 :: F : C, whence F = | of C, or C = | of F. 
[3.) 180: 80:: F. R» whenceF = Aof B^orR = iofF. 
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The following examples will show how to applj these formuls : — 
(1). — Suppose the Iteaumiir stands at 28°, at what height does the 

Centigrade stand ? We have C = 4 of E (in this case), j of 28 =: 35 : 

that is, the Centigrade stands at 35 . 
(2). — Suppose Fahrenheit to stand at 41°, what wiU Eeaumnr stand 

at ? R = f of (41 -^ 32) (that is, the niunber iJx)Te freezing in Eahr.) 

^ # of 9 = 4. Reaumur stands at 4. 



(8). — Suppose Fahrenheit stands at 23% what will the Centigrade 

stand at? C =4 of F = * of (32-23) =4 of 9= 

(or— 5). 



5 below freezing 



(4). — ^If Fahrenheit stands at 4 below 0, what will Reaumur indicate ? 
R = A of F = A of f32 + 4) = I of 36 = 16 below (or— 16). 

The only liquid wnich has the exceptional property of expanding bj 
cold is water, and it will be seen presently that this curious anonuSy is 
of the greatest importance in the economy of nature. 

If a Dox containing a mixture of ice and salt is placed round the top 
of a long cylindrical glass containing water at a temperature of 60r 
Fahr., the intense colci of the freezing mixture, which is zero— that is 
to say, 32° below the freezing j>oint of water — ^rery soon reduces the 
temperature of the water contained in the ^lass, and as it becomes 
corner it contracts, is rendered heavier, and smks to the bottom of the 
▼essel, and its place is taken 
by other and warmer water. 
3!his circulation commencing 
downwards, proceeds till the 
water has attained a tempe- 
rature of about 40° Fahr.y 
when the maximum density 
is obtained and the circula- 
tion stops, because after sink- 
ing below 40° the cold water 
becomes lighter^ and conti- 
nues to be so until it freezes, 
and of course, being of a 
less specific gravilr tnan the 
warmer water, it noats (like 
oil on water) upon its surface; 
so that a small thermometer 
placed at the bottom of the 
jar indicates only 40° Fahr., 
whilst the solid ice enveloping 
the other or second thermo- 
meter placed at the top may 
be as low as 29°, or even „ 

lower flprnrdini^ fo thp mi«Ti- ^^' ^^' ^ '• ^®°ff cylindrical glaM oontaintoff 
lower, accoroing TO ine quan- ,^,^4^ ^^ ^^ thermometers ; the one At the bottom 

tlty of ice and salt used m the shows a temperature of 40^; the other at the top 32°, 
box surrounding the top of ?'«▼«» lower. 00 c. Section of box contifining 
4.I.* «i— /!??<> Ki \ the ice and salt, and standmg onlbor legs, two of 

the glass. (Fig. 351.) which are shown at » ». 
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The importance of this curious anomaly cannot be overrated. If 
water did not possess this rare property, all the seas, rivers, canals, 
lakes, &c., would graAualU/ become impassable from the presence of 
enormous blocks of ice formed during tne winter. The whole bulk of 
water contained in them would have to sink below 32^ before it could 
solidify^rovided water increased in density or continued to contract by 
cold, mving once solidified, the warmth of the rays from a summer^s 
sun would certainly melt a great deal of the ice, but hot the whole, and 
winter would come again before the solid masses had disappeared. The 
ocean could not be navi^ted in safety even near our own shores, in 
consequence of the vast icebergs that woidd be formed, and float about 
andiostle each other even in the British Channel. 

Tne earth has been wonderfully prepared for God's highest work — 
Man, and in nothing is this supreme wisdom more apparent than in the 
fact that water offers the only Known exception to the law " that bodies 
expand by heat and contract oy cold." 

The expansion of gases by heat and contraction by cold take place in 
obedience to a law to which there is no exception, except in decree. It 
was discovered in 1801 by M. Gay Lussac, of Paris, and also about the 
same period by the famous English philosopher who established the 
atomic theory — ^viz., by Dr. Balton. Since these experiments and 
calculations Kudbei^, Ma^us, and Regnault have made other researches^ 
and their successive experiments give the following results : — 

Vote, of air. Yolames. 

Dalton, Gay Lussac 1000 heated from 32** to SIS'" became 1375 
Rudberg .... 1000 „ „ „ 1365 

Magnus, Eegnault . 1000 „ „ „ 1366*5 

As a natural result, air at 32° Fahr. expands -^^ part of its volume 
for every degree of heat on the scale of Tahrenneit ; uid a volume of 
air whicn measures 491 cubic inches at 32° will measure 492 at 33°, 
493 at 34°, and so on. The exception is only in degree, and Magnus 
and Renault discovered by their searching experiments that the gases 
easily hquified are more expansible by heat than air and those gases 
Tsucn as oxygen, hydrogen, and nitrogen) which have never oeen 
hquified. 

The expansion of air is easily shown by placiuj^ the open end of a 
tube with a lai^ bulb blown at the other extremity, under the surface 
of a little coloured water ; on the application of heat the air expands 
and escapes, and its place is taken, when cool, by the coloured liouid. 
Such an arrangement rm>resents the first thermometer constructea by 
Sanctorio about a-d. 1600, which might certainly answer for rou^n 
purposes, but as the ascent and descent of the fluid depend on the 
bulk of air contained in the bulb, and as this is affected by every change 
of the height of the barometer, no satisfactory indication of an increase 
or decrease of temperature could be obtained with it, although the 
instrument itself is mteresting in an historical point of view, and in a 
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modified form as an air thermometer has been employed by Sir John 
Leslie, under the name of the "Differential Thermometer/' in his 
refined and delicate experiments with heat. (Fig. 352.) 

A 



# 





Fig. 362. A. Saaetorio'i original air thermometer; the ezpanaion and oontraetion of the 
air in the bidh indieate the rise or (Ul of the temperature. The cork is merely a rapport, 
and is not fitted into the bottle air-tight, b o. The differential thermometer. When Doth 
hnlbe are aabiected to a uniform temperature, no movement of the fluid shown at n oocurs ; 
but if the bulb b is put kito any place warmer than the position of the bulb c, then the air 
expands in b, and arives the coloured liquid, which consists of carmine dissolTOd in oil of 
rimoL, up the scale attached to the stem of the bulb c. 

Fire balloons are a good example of the expansion of gases, and the 
levity of the air thus increased in bulk was taken advantage of by 
Montgolfier in the construction of his famous balloon, which, with a 
ca^ oontaininff various animals, ascended, in the presence of the King 
and royal family of France, at Versailles ; and in spite of hu^ rents in 
two places, it rose to a height of 1440 feet, and alter remaimng in the 
air for eight minutes, feU to the ground at the distance of 10,200 feet 
from the place whence it started, without injury to the animals. 
When it is considered that a volume of air heated from 32° to 491** is 
doubled, and tripled when heated to 982°, it will at once be understood 
how ^at must DC the ascending power of such balloons, provide^ the 
air within them is kept sufficiently not. 

That galhmt aeronaut, Pilate de Hozier, offered himself to be the 
first aerial navigator; and having joined Montgolfier, they made three 
successful ascents and descents with a large oval-shaped balloon, forty- 
eight feet in diameter, and seventy-four feet hi^L On the fourth 
occasion he ascended to a height of 262 feet, but m the descent a gust 
of wind having blown the macnine over some large trees of an adjoining 
garden, the situation of the brave aeronaut was extremely dangerous, 
and if he had not possessed the strongest presence of mind, and at onoe 
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girsn the baUoon a greater ucending power, by r^dlj sajipljuig his 
stove with some straw and chipped wood, he might on this occaaitm 
have met with that nntimely end which BubsequenUv, in another rash 
aerouautic adventure, befel ttiis brave bat foolhardj fenchman. 
. On desMadiiig again, he once more, and without the slightest fear, 
nused himself to a considerable height b; feeding his fire with chopped 
straw. Some time after he ascended, in company with M. Giroad de 
Vilette, to the height of 330 feet, hoveriog oyer Paris at least nine 
minates, in sight of all the inhabitants, and the mimhina keeping all tiu 
while pofectly steady. 

The dan^r in nsmg this method of inflwtiiig the balloon arises from 
the possibility of generating gis, which escaping imbnmt into Uie body 
of the balloon, may accumiuate and blow up, or Dum afterwards. 

Fire balloons, as 

toys, 1 
times prove 
ratW costly to the 
person who may send 
them off, in conse- 
quence of their being 
blown by the wind on 
a hay or com rick, or 
other combustible sub- 
stances. The safest 
mode of using fire bal- 
loons is to fill them 
with hot air from a 
lighted gas Htove{Wes- 
sd's, for instaiice) ; 
the balloons may tiien 
be used in large rooms, 
or out in the air, with- 
ont fear of doing any 
harm to neighbouring 
property, as ot course 
the stove and the fire 
remain behind, and 
will fill any number of 
Flg.tSS. A a. Wend-i Ku ttoTMritb Iter of B«i j«(( mrbolloons. (Fig.353.) 
BBbWdinriik; tlie»irniihe«intli«iJirtctkHiiJtImin>wi, Aftpr all the fiiM 
*tFacll»bii!lon,«lildil>ii>iuUjiiudg of p^ar. made about the novelty 

of the American hot-air 
engiitB, it is aomewhat amusing t« look back to the records of civil 
engineering, and in the "Transactions of the Institation of Civil 
Ei^pneers, to i«ad Ur. James Stirling's aoconnt of his improved air 
engme, in which the great expansion of air mentbned at p. 365 has 
beoi soccessfnlly applied. The engine was constmcted about the year 



1843, and the principle, dJBCoreied thirty years befote by Mr. E. 
Stirlmg, will be comprehended by tefereoce to tbe cut. (Fig, 351.) 



Hg.Sfii, BtJtllng'l *Ir (Kgins. 

Two strong air-ligfat vessels are connected with the opposite ends of 
a cylinder, in which a piston works in the usual manner. About four- 
fifths of the interior space in these vessels is occupied by two similu 
sir-tight vessels or plongers, which are snspended to the opposite 
'Cxtiemitiea of a beam, ana capable of being alternately moved up and 
down to the eitent of the remaimng fifth. £f the motion of tbese 
interior vessels, which are filled witli non-conductmg siibstancea, the air 
to be operated upon is moved from one end of the exterior vessel to the 
other, and as one end is kept at a high temperature, and the other as 
cold as possible, when the air is brought to the hot end it becomes 
heated, and has its pressure increased ; and when it is broueht to the 
cold end, its heat and pressure are diminished. Now, aa tbe interior 
vessels necessarily move in opposite directions, it follows that the pressure 
of the enclosed an in the one vessel is increased, while that of the other 
is diminished. A ditterence of pressure is thus produced upon the 
opposite sides of the piston, which is thereby made to move from 
the one end of the cylinder to the other, and by continually reversing the 
motion of the suspended bodies or plungers, the greater pressure is 
eucoessirely thrown upon a different side, and a reciprocating motion of 
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the piston is kept up. The piston is connected with a fly-wheel in any 
of the usual modes ; and the plungers, by whose motion the air is heated 
and cooled, are moved in the same manner, and nearly at the same 
relative time, with the valves of a steam engine. 

The pressure is greatly increased and made more economical by usinjg 
somewhat highly-compressed air, which is at first introduced, and is 
afterwards maintained, by the continued action of an air-pump. The 
pump is abo employed in filling a separate magazine with compressed 
air, from which the engine can be at once charged to the working 
pressure. Mr. Stirling's chief improvement consists in saving all or 
nearly all the heat of the expanded air after it -has done its work, by 
passing it from the hot to the cold end of the air vessel through a 
multitude of narrow passages, whose temperature is at the beginning 
of the tubes nearly as great as that of the hot air, but eraduaUj 
declines till it becomes nearly as low as the coldest part of the air 
vessel. The heat is therefore retained by these passages, so that when 
the mechanism is reversed, the cold air returns again Sirough these hot 

Eipes, and is thus made nearly hot enough by the time it reaches the 
eating vessel to do its work. Thus, instead of beinff obliged to supply 
at every stroke of the engine as much heat as womd be sufficient to 
raise the air from its lowest to its highest temperature, it is necessary 
to foinish only as much as will heat it the same number of degrees by 
which the hottest part of the air vessel exceeds the hottest part of the 
intermediate passages. This portion of the engine may be called the 
economical process^ and represents the foundation of all the success to 
which it has attained in producing power with a small expenditure of 
fuel. No boiler being required, of course the dan^r of explosions is 
much lessened. The nigher the pressure under which the engine was 
worked the greater was the effect produced. A small engine on this 
principle was worked to a pressure of 360 pounds on the square inch; 
and perhaps the best popuhur notion of the novdty in the arrangement 
is that suggested by Mr. George Lowe, who compared the economical 
part of the machine to a " Jeffrey's Eespirator" used bv consumptive 
patients. The heat from the air expired oeing retained oy the laminse, 
and again used when cold air is inspired or drawn into the lungs. Mr. 
Stirling states that the consumption of fuel as compared to the steam 
engine which the air engine had replaced was as 6 to 26 ; the same 
amount of work being now performea by about six cwt. of coals which 
had formerly required about twenty-six cwt., though he ought to have 
stated that the steam engine removed was not of the best construction* 
nor had the boiler any close covering. (Fig. 354.) 

Conduction of Heat, 

This property of heat with reference to matter, and the consideration 
of the curious manner in which it creeps, as it were, through solid sub- 
stances, brings the thoughtful mind at once to the bold question of 
What is heat ? Is it to be regarded as something real or material ? or 
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iniuit it be considered only as a property or state of matter P These 
questions are not to be solved easily, and they demand a considerable 
amount of experiment and reasoning even to appreciate their meaning. 

If a red-hot biJl is placed in the rocos of a concave metallic speculum, 
it gives out certain emanations that are quite invisible, but which are re- 
flected from the surface of the mirror in the same manner as visible rays 
of light, and may be collected in the focus of another and second con- 
cave speculum, when they can be concentrated on to a bit of phosphorus, 
imd will cause the combustion of that substance. If the aur from a pair 
of bellows is blown forcibly across the rays of heat as they are being con- 
centrated upon the phosphorus, the rays are not moved from their 
course, they are no more blown away tlian a sunbeam darting through 
an aperture in a doud on a stormy, windy day. The heat has, therefore 
nothing to do with 
the air, and is wholly 
independent of that 
medium in its pas- 
sage from one mirror 
to the other. Such 
an experiment as that 
descnbed would at 
once suggest the idea 
that heat is a matter 
tui generiSf a compo- 
nent part of all' do* 
dies, and given off 
from incandescent 
matter, the sun, &c., 
and that it may be 
propagated through 
space much in the 
same manneras light. 
(Fig. 365.) Theme- 
chimism may be very 
much like the cor- 
puscular movement of light as defined by Sir Isaac Newton, and ah-eady 
explained m another portion of this book. Hence it has been supposed 
that heat is propagated through the air, water, and solid substances by 
a direct emission of material particles fi-om the heat-giving agent, and 
that these molecules of heat force their way into, or along, or through 
them, according to circumstances. 

Certain homes are almost transparent to heat rays, such as air, 
whilst others take an intermedial position, and only stop a certain quan- 
tity of the heat molecules, such as rock crystals, mirror glass, and alum. 
A thttd class of bodies absorbs the heat plentifully, such as char- 
coal, black doth, &c. ; and a fourth, when polished and placed at the 
proper angle, reflects or throws off the heat, as in the case of polished 
mirrors. The transpairency or opacity of substances (so far as light- is 

BB 




Fig. 866. Heat reflected by mirror, bat not blown awaj br 

air from bellows. 
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eoneerned^ does not affect ihe transnuBsion of heat. L^ht of erety 
eolour ana from all sources is equally transmitted by all transparent 
bodies in the liquid or solid form, but this is not the case ^tb 
heat. 

The rays of heat emitted by the sun and other luminous bodies haye 
properties quite different to the rays of light ^wiih whioh they are accom- 
pamed. Ercxn these statements it will be erident that the nuUeritU 
theoiy of heat is suirounded with difficulties and anomalies that cannot 
be reconciled the one with the other, or neatly adapted, fitted in, and 
dovetailed with all the puzzling phenomena that arise. Our knowledge 
of the theory of heat has been greatly assisted by the researches of 
MeUoni, who has demonstrated that different species of rays of heat are 
given off by the same body at different temperatures, which may be dis- 
tinctly sifted and separated from each other. Long before the experi- 
ments of Mdloni philosophers had endeayoured to weigh heat; trains 
of the most delicate levers were exposed, without effect, to the action 
of heat rays ; and all attempts, experimental as well as theoretical, to 
define heat by the material theonr, are imperfect, crude, and unsatis. 
factory. We are perforce obliged to adopt another theory, and the one 
that oDtains the greatest favour, as offering the best defimtion of heat, 
is the dynamical theory, which is more or less analogous to the undula- 
tory theory of li^ht. At pages 262, 328, 335, this theory has been partly 
explained, and m speaking of it again, sreat care must be taken not to 
confuse the undulations of heat with tnose of light. The sun and the 
stars swim in a molecular medium, and 39,180 vibrations or waves must 
occur in one inch to produce the sensation of red light, and 57,490 
undulations in the space of one inch to produce a violet Bght. As vibra- 
tions of the ethereal molecules affect the eye, so there may be other 
nerves in our bodies which are peculiiurly sensitive to the waves of heat. 
It reauires eight vibrations ot the air to occur in a second to produce 
an auoible sound; whilst if the "ribrations of the air amount to 25,000 
per second they cannot be appreciated by the human ear, although it is 
possible to conceive that the ears of certain animals may be so suscep- 
tible of rapid vibrations that they may be able, for certain wise purposes 
of the Creator, to appreciate sounds which are inaudible to human 
ears. 

Melloni exhibited a spectrum to a number of persons, and found that 
there was more light apparent to some eves than to othera. Lubedc 
put a scarlet doth on a donkey, and found that the two were frequentiy 
confounded together by the eyes of many spectators. These facts indi- 
cate that there may be vibrations of molecules that produce the sensation 
of heat, but which do not affect the nerves that are sensitive to the 
action of light waves, and vice versa; and it is also probable that all these 
different undulations, some affording heat and some light, may be gene- 
rated and propagated through space, as from the sun ; or through shorter 
distances, as from burning lamps and fires, without in any way inter- 
ferii«^h or impediogea^ other's pn«resl 

The djiuumcal tlieoi7 aeems to ofiiBr t£e beat idea of the faananissioB 
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of heat which is caxiied, condncted, or propagated through solids with 
variable rapidit j> either by the vibration of tiie constituent molecules of 
the body i^lf, or by the undulation of a rare subtle fluid which per^ 
vades them. If a copper and iron wire of the same length and diameter 
are bound together and heated at the point of union, tne waves of heat 
travel faster through the copper than the iron, and the former is said to 
be the best conductor of heat ; and the fact itself is demonstrated bv 
placing a bit of phosphorus at the end of each metallic wire, and it will 
be found by experiment that the combustible substance melts first and 
talipes fire on the copper, and that a considerable interval of time elapses 
before the phosphorus ignites on the iron. 





iffini I \WL 





Fig. 366. c. Coroer wire boond at a to i, an iron wire. After the heat of the lamp has 
been appUed for about five minntes the heat travels to c first, and ignites the bit of phos* 
phoms placed there. After lome time has elapsed the phosphoms at i also ignites. 



The same fact is exhibited in a most striking manner by inserting a 
series of rods of equal lengths and thicknesses in the side of a rectan- 
g[alar box, allowing them to pass across the interior to the opposite 
side. The rods are composed of wood, porcelain, Rlass, lead, iron, zinc, 
copper, and silver, and have attached to each of their extremities, by 
wax or tallow, a clay marble. When the water placed in the box is made 
to boil, the heat passes along the different rods, and melting the wax or 
tallow, allows the marble to drop off. Consequently the first marble 
would drop from the silver rod, the next from the copper, the third 
from the iron, the fourth from the zinc, the fifth from the lead« 
whilst the porcelain, glass, and wooden rods would hardly conduct (in 
several hours) sufficient heat to melt the wax or tallow, and discharge 
the marbles. 

Cbttduction of Metals, 

Gold 1000 

Silver 973 

Copper 898-2 

Iron 374-3 

Zinc 363 

Lead - . . 179*6 

bb2 
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The experiment is made 
more striking if the marbles 
are allowed to fall on a lemer 
connected with the detent of 
a dock alarum, which rings 
every time a marble falls from 
one of the rods. (Fig. 357.) 

Dnring a cold frostj day, 
if the hand is placed in con- 
tact with various substances, 
some appear to be colder than 
others, although all may be 
Fig. 367. A B. Troagh o(nitaining boiling water, precisely the same tempera- 
heatod by ga> jets below, o. The eight rod. and ^ure ; this circumstance is due 
marbles attached, one of which hat fiiUen. ».The , J. „^^j„_^- „ «««po,.. 
tr^ to x«oeiTe £e marbles. to their conducting power: 

and a piece of slate seems 
colder than a bit of chalk, because the former is a much better con- 
ductor than the latter, and carries away the heat from the body with 
greater rapidity, and diffuses it through its own substance. 

Thegradualpassage 

9 . -trViYT . . '- . w. I „ ~^^ of heat along a bar of 

iron as compared with 
one of copper, is well 
illustratea by sup- 
porting the ends of 
the two bars on the 
top of the chimney of 
an argand lamp, whilst 
the other extremities 

A. Section of an armnd gas lamp, with a copper ^re held in a horizon- 

inCT supporting the ends of the bars of copper and iron tal position by little 

marked and L The balls havp ftllan from o, the eaj^per ]^locxs of wood. If 

marbles are attached 
by wax to the under side, they fall off as the heat travels along the 
metallic bars, and more rapidly from the copper than the iron, because 
the former is a better conductor of heat than the latter. fFig. 358.) 
• From the experiments of Mayer, of Erlangen ^" Ann. cie Ch.," xxx.), 
it would appear that the conducting powers of different woods are to a 
certain extent to be regarded as m the inverse proportion to their 
specific gravities — i.e., the greater the density of the wood the less con- 
ducting power, and the contrary. 

If a cylindrical bar or thick tube of brass, six inches long, and about 
two inches in diameter, is attached to a wooden cylinder of the same 
size, the conducting powers of the two substances are well displayed 
by first straining a sheet of white paper over the brass, and thenholcQng 
it in the flame of a spirit lamp. The heat being conducted rapidly away 
by the metal will not scorch the paper, until the whole arrives at a 
oniformhigh temperature; whereas tlie paper is rapidly burnt when 




Fig. 868. 
thimnc 
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strained <i»er the wooden ^_ — 

orlinder, because the heat of ' , 

the flame of the lamp ia con- --^ 

centrated upon one pnint, 

and is not diffused through 

the mass of the Tood. (Fig. 

359.) 

In the course of the 
bigMj philcMophical eiperi' 
ments of Sir H.Dbtj, which 
led him gniduallj to the dis- 
covery of the constmction 
of the safetj lamp, he con- 
nected together, l^ a copper 
tahe of a bdi^ We, two 
Teasels, each contBining an 
explosire mixture composed 
of fire damp and air. When 
the mixture was fired iu one 
vessel he found that the 

flame did not appear to he „SfiK;„^"°^lE?'J^S'«^n',T?- tK 
, , . . 1 ''^ ■. Pftpor itrtined urer the wood u tuinv fin, Tm 

aOle to travel, a» it were, ca«reiti«iilij,>lude41ithebnup«uoD. 
across the bridge — viz., the 

copper tube — and commanicate with the other magazine, because it was 
deprived of its heat whilst passing throngb lie tube, and was do longer 
flame, but simplj gaseous matter at too low a temperature to effect the 
inflammatioa of the mixture in the second box. 

A mass of cold metal mav be auddenlj applied to a small flame, such 
as that of a night b>ht, and deprivinf it rapidlj of heat (like the case 
of the unfortauate Russian described at page 364), it ia almost imaie- 
diatelj extiugaisbed (fig. 360), not by the mere exclusion of the oxygen 



-p"^ 



TIg.StO. 1. Bman Smu from nlgbt llB^t. bo. Lu^niui arcoldcopiMTtrlnoptnlt 
botti endi to place oiei Ouie, (nd br audactloD of Ou heat to eiUngaiih It. 

of the air, but on account of the withdrawal of the heat necessary for 
the maintenance of the combnstion. 

Sir H. Davy first thought of making his safetj lamp with stnall tuhe^ 
which wonld snpplj.firesh air, and carry off the b'unt or fool air, at tho 
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ume time tlieT were to be BO luirov that no fl&me could pass ont of hia lamp 
to commoiiiMte with an outer exploaire atmoBphen; and in speaking 
of Ms lump with tabes be aaja: — "I soon discovered that a_^ajMr/vra^ 
even of very amall diameter, were not safe unless their ttdei were Teij 
deep ; that a single tube of one-twenty-eighth of an inch in diameter, 
and two inches long, suffered the explosion to pass through it ; and that 
aareal Mumitr of small tubes, or of apertures, stopfied eiploeion, even 
WQen the depths of their sides was onlj equal to their diameters. And 
at last 1 aiTiTed at the concluaion that a metallic tume, however thin 
and fine, of which the apertures filled more space than the cooling 
surface, so as to be penneabte to aji and light, offered a perfect barrier 
to erjileaion, from the force being divided belmeen, and the heat com- 
municated to an immeiue number of mrjacei. I made several attempts 
to construct safety lamps which should give light in all eiploaive mixtures 
of £re damn, and after complicated combinations, I at length arrived at 
one evidently the most simple, that of tunvaadiiiff iie liail entirelf bg 
aire game, and noting lie lane titiue feed the flame with air and emit 
Ughl." 

If a number of square metallic tubes of a fine bore are placed ajnight 
side by side, and a section cut off horizontally, it wonld represent the 
wire gauze whidi posaessea such marvellous powers of sifting away 
the heat from a flame, so that it is destroyed in its attempted passage 
through the metallic meshes ; and of this fact a number of proob may 
be adduced. 

A gas jet delivering coal gas may be placea nnder a sheet of wire 
gauze, the gas permeates the gauze, and ma; be set on fire at the upper 
side, but the flame is cut off from 
the mouth of the jet by the cooling 
action of the wire gauze. The same 
eiperiment reversed, bj holding the 
^uze over the gas burning from the 
jet, shows still more deciajedlj that 
name will not pass through the me- 
tallic tissne. (Fig. 361.) 

Sir H. Davy again says ; " Thou^ 
all the specimens of fire damp which 
I had examined consisted of carbn- 
retted hydrogen mixed with different 
nit-SSi- 11. AnamberoriqDaretiiba small proportions of carbonic acid 
Bl»Md Hprigbt. The kiob ^o«« Um ^nd common wr, yet some pheno- 
dlnction of the uctlon ta obtnln a fignia t i ji ■ H. l . ■ 

like win gion. mena I observed m the combustion 

of a blower induced me to believe 
that small quantities of olefiant gaa may be sometimes evolved in coal 
mines with the carburetted hydrogen. I therefore resolved to make 
all lamps safe to the test of the gat produeed by tie ditlillatioH of eoal, ■ 
which, when it has not been exposed to water, always contains ole- 
fiant gas. I placed my lighted lamps in a laige glass receiver through, 
whidi there was a current of atmospherical ur, and by means of a 
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d with coal gas, I made the eorrent of air whicL passed 
into the lamp mare or less explosive, and caused it to ehaiwe rapidly or 
sbwlj at pleasure, so as to prodace aU possible varieties ol iaflanmable 
and explosive mixtures, and I foond that iron gaoze wire eomposed of 
wires from one-fortieli to one-sixtieth of an incn in diameter, and con- 
taining twenty-eight wires or seven hundred and eigbty-four apertures 
te the inch, inoi tafe tutder all cireutulanca in almotpheret qfthu Und; 
and I consequently adopted this material in guaraing lamps for the 
coal-mines, when in Jaunary, IS16, they were immediately adopted, and 
bave long been in general use." 

The reoiarkable conducting power of wire gan^ is farther shown oy 
placing some lumps of camphor on a piece of tlds material, and wheal 
the heat of a sptnt-lamp is applied on the under side of the gauze, the 
-camphor volatilizes, and as t^ vapoar is remarkably heavy, it falls 
through the mcahes of the ganie, and takes fire; but the most curious 
and farther illustration of the conducting power of the wire meshes is 
shown in the fact that the fire does not conununicate through the thin 
film of gauie to the lumps of camphor placed upon it. 

The camphor ma; be ignited by applying flame to the upper side of 
the ^xize, showing that, although this substance is so exceedingly eom- 
bnstible, it will not lake fire even if placed at no greater distance from 
flame than the thickness of the wire gaoz^ provided the latter mala- 
rial is interposed between it and the 



inare box made of n 




A sqnai 

with a hole at the bottom b 

-candle or spirit-lamp, may have a con- 
siderable iet of coal gas forced upon 
it from the outside, or a la:^ jog 
■of ether vapour potwed upon it ; and 
slthough the bos mav be full of flame, 
arising bom the combustion of the gas 
or ether, the fire does not come out of 
the wire box or communicate with the 
r the ether vapour as it is poured 
the jug. (Fig. 363.) 

oir Humphrey I)avy|s safety lamp 
consists of a common oil-lamp,^ with 
a wire through the cistern for the pur- 

CB of raising or depressing the cot- 
wick without unscrewing the wire 
gauze i j is the male screw fitting the 
screw attached to the cylinder ot wire 

KQze, which is made doable at the top. _,««- ^ ^^ ™1' o"™ ?*??•■ 
.._•;„ 1 ; 1 .4.. _i,;i„» "ttn • nol« in Uie bottom to Minit » 
ic cntu^ lamp IS shown at *, whiJst ,niiii i»mp Ughtal AbotingftiUof 
the platinum coil which Sir H. Davy i£» tipoot of elhw dwt be poBred on 



is. 



recommends shoold be wound ronnd 



tiie wick is shown at i. The small wiLtithitinthejn;. 



tilt boi, Bud & 
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cage of platiniuD comisU oE 
wire of one-8e»entieth to oae- 
eightietli of an inch in thicks 

nesa, fastened to the wire for 
Tusin^ or depressing the cot- 
ton mck, ana shonld the lamp 
tie eitisgnished in au eipla- 
siTc mixture, the Uttle coil of 
platinum begins to glow, and 
will afford sufficient light to 
goide the miner to a sare part 
of the mine. With respect ta 
this platinum coil. Sir H. 
Bav; gives a caj^ul chtu^e, 
and sajs: — "The greatest 
care must be taken that no 
fikment or wire of platinum 
protnides on the exterior of 
the lamp, for thu teould fre 



exttmai 

Since tlie iuTeutitai of tlia 
Dwj lamp, a great number 
of modifications have beca 



occupied the poblia attention, but whether from increased cost or a 
sort of inertia that arrests improvement, it is certain that the lamp 
orieinaUy devised 1^ Sir Humphrcj Davj is still the favourite. It wa& 
perhaps onfortnnate that the uimp was called the la/elv huop, becaosQ 
it is not BO under ever; circumstance that may arise, nmess it happens 
to be in the hands of persons who have taken the trouble to stndj it 
and nnderstand how to correct the fiiults. The lamp might have escaped 
the incessant attacks that have been made upon its just merits, if ths 



had simplj been that of its illustrious inventor — " a Davj lamp." 
~ inld carp' at that, whilst " safetv" was held to mean perfect 
from ererj possible and probable danger that might arise in 
the coal-pits. The lamps are now uauallj placed under the charge of 
one man, who trims them and ascert^ns that the wire eauze is in pmect 
order ; this latter is nauallj locked upon the lamp, and as it b a penal 
offenoe, and pnnisliable bj a heavj fine and imprisonment, to remove the 
wire gauze from safetj liunps in dangerous parts of the mine, of coniss 
the mmers are being gradually brought to a sense of the obligations ther 
owe themselves and Uieir brotber-mmers, and the rash, ignorant, and 
foolhardv offences of breaking open safety lamps for more illumination, 
or to light pipes, are becombg much less frequent than formerly. One 
of the most ing^ouB "detect<a' lamps" is that of Mi. Symons, of 
"' ' ' ""i.) It consisted of the old-fashioned Davy, bat 
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inside the rim of the wire naze i» 
placed a smiill extingoisberandBpciiig, 
wbick doea not move so loi^ as the 
sanse 'a screwed o» to the lamp, but 
directly tbe gtkuze is nnacrawed, the 
reversed movement rel^Ms tbe detent, 
and tbe eitinguishec folia upon the 
light. In spite of the manifest inge- 
nuity of this lamp, it is not adopted, 
because it costs a trifle more than the 



poured upon ■ lighted safety lamp, 
when a ^esk smoke is pioducM b; the 
eTi4>oratioa of the apint, but no name 
passes through to the ontaide, although 
the turpentine boms inside the lamp. 
If some GOaiae guupovrder is laid upon 
two thicknesses of fine wu% gauze, it 
maj be heated from below with ilie 
flame of the spirit kmp, and tbe sulphur 
will graduallf volatilize without setting 
flre to tbe mass of powdet. To show 
toe securit; of the D«tj lamp, it ma; 
be lighted and hung in a lu^ box 
with elass sides, op^ at the top, and a 
jet otcool gas supplied at the Bottom; 
aa this rises and diffuses in the air, the 
miitnce becomes explosive, and tbe 

fact is at once evident bj the altera- __._ ^, 

tion in the appearance of the flame 

of tbe lamp, which ralargts, flickers, and freqaenil; goes oat^ in conse- 
quence of the suddenness with which the explosion of the mixture takes 
Ce inside the lamp, producing a concussion that extinguishes the 
B. In this case the utility of the platinum coil is ver; apparent, 
and it continues to glow with a red heat until the explosive cosncter 
of the air in the box is chained. 

If a large washhaud-btsin is first warmed by some boiling water, 
irtiich is then poured away, and a drachm of ether thrown in, a higUf- 
combustible atmosphere is obtained, and when a lighted Davj lamp la 
placed into the basin so prepared, the flame inside the lamp immedlatelj 
enlarges and fliokers, but is not extinguished, and does not communicate 
to the combustible vapour outside. The contrast betvreen the safety 
lamp and an unorotected flame is very striking ; if a lighted taper is 
thrust into the basin, tiie ether catches flre, and bums with a ve^ 
large flame. The solid oonduetora of heat, which are said to enjoy this 
property in the highest degree, are the metals, marble, stone, sUte. and 
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otber dense and compact solid substances ; whilst the opposite qnality 
of being non-conductors, or nearlj so, is possessed bj fur, wood, silk, 
cotton, wool, eider and swansdown, paper, sand, charcoal, and everj 
substance which is of a light or porous nature. The practical applica- 
tion of this knowledge is very apparent in the affairs of every-day life. 
Thus we rise in the morning, ana immediately after the necessary abla- 
tions, if it is winter time, proceed to encase the body in non-conductors, 
such as flannel and wool. When we sit down to tne breakfast table to 
make tea, we may notice the contrivances for preventing the handle of 
the top of the urn, or that of the teapot, from becoming too hot for the 
fingers, by the interposition of ivoiy or wood. If asked to place water 
in the teapot from the kettle, we instinctively seek for the weU-wom 
kettle-holder made of Berlin wool, and therefore a bad conductor. As 
we cut our meat or fish at the same meal, we may shiver with cold, but 
our Angers are not quite frozen by contact with the steel knives, as we 
hold them by ivory handles ; and we are agreeably reminded that some 
metals are good conductors of heat, by the pleasant warmth of the 
silver teaspoons, as we stir our tea or coffee. 

Even the polish of the well-rubbed mahogany is protected from the 
neat of the coshes by non-conductinf mats, and plates are handed about, 
if " nice and hot," with a careudly-wrapped non-conducting linen 
napkin. Supposing we prefer a bit of fresn-made toast, the fork is 
provided with a non-conducting handle; and should we peep out of window 
some i^try morn whilst the baker delivers his early work in the shape 
of hot rolls, we notice they come out of nicely-wrapped flannel or baize, 
which being a bad conductor is employed to retain their heat. We read, 
occasionally, in the military intelligence, statements respecting some 
newly-constructed shells which are to burst and scatter melted iron (! !); 
and of course the idea of the interposition of a good non-conductor of heat 
between the bursting charge and the molten metal must be realized in 
their construction. 

The central heat of our globe is a realiW that cannot be disputed, and 
after digging beyond a depth of twen^ feet the thermometer gradually 
rises at the rate of one degree of Fahrenheit's scale for every fifteen 
yards. The bad conducting power of the crust of the earth must, there- 
fore, be apparent, as it is easy, knowing the diameter of our globe, to 
calculate tnat the increase of heat downwards amounts to 116^for each 
mile, consequently at a depth of thirty and a half miles below the sur- 
face, there will be a temperature most likely equal to 3500°, or a heat 
that might easily melt cast-iron, and would help to accoant for the 
earthquSces and eruptions of volcanoes, which still remind us by their 
terrible warnings, that we live only on the bad conducting upper crust 
of a globe, the inside of which is still, perhaps, in a liquid and molten 
state. Monsieur Fourier has demonstrated the non-conducting power 
of this shell by calculating that, supposing the globe was whoUy com- 
posed of cast-iron, the central heat would require myriads of years to be 
transmitted to the surface from a depth of 150 miles ; and by inverting 
the process of reasoning, we may come to the conclusion that the in- 
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temal heafc must be exoessdye, because it is confined and shut out from 
those influences that would carry off and weaken the intensity. 

There are no two words, says Tyndal, with which we are more familiar 
than matter midi force. The system of the universe embraces two things, 
an object acted upon, and an agent by lokicA it is acted upon ; the object 
we call matter and the agent we call force. Matter, in certain respects, 
may be regarded as the vehicle of force ; thus, the luminiferous ether is 
the vehicle or medium by which the pulsations of the sun are transmitted 
to our organs of vision. Or, to take a plainer case, if we set a number 
of billiara balls in a row, and impart a suock to one end of the series in 
the direction of its length, we Imow what will take place ; the last 6all 
will fly away, the ifttervenina balls having served for the transmission of 
the shock m)m one end of tne series to the other. Or we might refer to 
the conduction of heat. If, for example, it be required to transmit heat 
from the Are to a point at some distance from the fire, this may be 
effected by means of a conducting body — ^by a poker, for instance ; thrust- 
ing one end of a poker into the Ire, it becomes heated, the heat makes 
its way through the mass, and finally manifests itself at the other end. 
Let us endeavour to get a distinct idea of what we here call heat ; let 
us first picture it to ourselves as an agent apart from the mass of the 
conductor, making its way among the particles of the latter, jumping 
from atom to atom, and thus converting them into a kind of ttepping 
stones to assist its progress. It is a probable conclusion, even had we 
not a single experiment to support it, that the mode of transmission 
must, in some measure, depend upon the manner in which those little 
molecular stepping stones are arnmged. But we must not confine our- 
selves to the molecular theory of heat. Assumiiig the hypothesis, which 
is now gaining ground, that heat, instead of bein^ an agent apart from 
ordinary naatter, consists in a motion of the material particles; the con- 
clusion is equidly probable that the transmission of tne motion must be 
influenced by the manner in which the particles are arranged. Does 
experimental science furnish us with any corroboration of this inference ? 
It does. More than twenty years ago MM. De la Bive and De Can- 
doUe proved that heat is trausmittea through wood with a velocity 
ahnost twice as great along the fibre as across it. This result has been 
recently expanded, and it has been proved that this substance possesses 
three axes of calorific conduction; the first and greatest axis being 
parallel to the fibre ; the second axis perpendicular to the fibre and to 
the ligneous layers ; while the third axis, which marks the direction in 
which the greatest resistance is offered to the passage of the heat, is 
perpendicular to the fibre and parallel to the layers. 

IT many solids are bad conductors of heat, they are at all events 
nreatly surpassed by fluids, and especially by water. The conduction of 
neat by that fluid is almost imperceptible, so much so, that it has even 
been questioned whether liquids do really conduct heat downwards at all. 
It has, however, been found that liquid mercury will conduct heat down- 
wards, and therefore by analogy it may be assumed that other li<]pd8 
must possess a conducting power, although it may be exceedingly limited. 
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' In order to proTe that water is aa exceeding bad conductor of hea^ a 
tnbe with a large glass bulb blown at one end is pullj filled whh. 
tincture of litmus, until it will just sink below the surface of water 
placed in a tall cjlindrical or open jar. If a copper basin, containing 
boming ether, is now floated on the top of the water, so aa to leave 



oopperpan, it will be noticed that whilst the water sunounding the 
latter almost boils, not the slightest effect arisiag from the conduction 
of heat can be perceived in a downward direction. After the ether boa 
burnt out of the copper vessel, it ma;f be removed, and the boiling wate 
stirred down and around the air thermometer, when the air within i 
expands, drtvea out the colouring Uquid. aiid the bulb bceomiiu; spe 
cincallj lighter, rises to the top of the containing glass. (Fig. 365.) 



FIg.StE. IL CjUndiialgliufiillDrwataT, a. The i^ua sir IbomHiDeter coDtilnlnr 
Gn coloured liquid jast iUDcTlDg aprE^ht, tbe month oftliv tabQ at o belDf open. i> uA 
the owpBT basin conUlniii^ tli£ bnrDlDs eth«r. i diowg how tho gUu bulb aud tabv 

«xpuidB Ubv air, maUng the thermoineber %ht, an^eauJilDg it to riH, 

Again, if the tube of an air thermometer is placed throng a cork in 
tiie neck of a gas jar, inverted and standing on a ring stand, aiid tlie 
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]tr is then filled with 
water, and boiled at 
the top with a led- 
hot iron, heater, the 
heat doei not pass 
downwards ana af- 
fect the thermnne- 
tei. B; introdacii^ 
a Bjphan the water 
Burrotmding the 
thennometer at the 
bottom of the jax 
maj be drawn oS, 
uuul the hot water 
is within a fraction 
of an inah of the air 
thermometer, and 
still no heat is con- 
ducted, and the li- 
quid in the latter 
remains stationan. 

llie diffoaion of 
heat through water 
does not take place 
like that of solids, 
but is effected hj the 
motion of the parti- 
cles of the water. 



vessel containing 
water, snch as an 
inverted glass shade, 
tlie first dket is to 
expand the lajer of 
water whidi is first 
affected by the heat; 
this expanded layer 
beit^ specifically 
lif^ter than the cold 
water above, it 




Inierted (U Ju (appiirted bj the ring 

-' — ■■— '— -- KmirtlunDDinBWr, 

]. D. Tb« fljpboa tOr 



to the npper part of .^ — - 

itiB alma •linHa oni) •rltll tbS DOtmnd liquid ftlUonUT I 

the Blass shade, ana ^,^ ^ j^ ooUwWm. md Magui u» »» oowa luw « 

its puce IS unmedi- thgb^ofaa 

atelv taken by other, 

colder and heavier, water, which in like manner moves upwards, and is 

again succeeded by a fresh portion. No*, the Brst and anooeeding strata 
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of water all carry off so much 
heat, and thus by the con- 
vectiye or canying power of 
the water the heat is diffased 
finally in the most perfect 
manner through the whole 
bulk of fltdd; and indeed, 
the movement itself of the 
particles of water may easily 
oe watched by putting a little 
paper pulp at the bottom of 
the inverted glass shade con- 
taining the water. (Fig. 367.) 
\ This bad condnctinj? power 
is not merely connned to 
water, but is likewise appa- 
rent with oil and other fluids^ 
and if some water is frozen 
at the bottom of a bng test- 
tube by means of a freeadng 
mixture, oil may then be 
poured upon it, and some 
alcohol abbye the latter. If 
the flame of a spirit-lamp is 
now applied to the alcohol at 
the top of the tube it may be 
entirely boiled away, ana no 
FUr.3«7. A A. inyerted glass shade oo&tainiiig ^^at will travel down the oil 

water and some paper pulp. b. Baming spirit lamp and COmmumcate With the 

placed under one tide of the ghus; the pulp shows \f^ f^jxA avpti ftfkpr iKp ftlnnKnl 

&e rising of the heated water ani theVinking of «», ana even aiver UlC aiCOUOl 

the odld, hi the direction indicated I7 the azTOWB. has been evaporated away 

the tube can be filled up 
with water; this may also be boiled, and whilst demonstrating the bad 
conducting power of the oil, the curious anomaly is observed of a vessel 
or tube containing ice at the bottom and boiling water at the top, and 
further showing the wisdom of the Supreme Creator in preventii^ the 
freezing of the water of lakes, rivers, and seas, by the exceptional law of 
the expansion of water by cold. It is evident fromwnat has been 
stated that liquids acauire and lose th^ heat hj means of those cur- 
rents and movements 01 the particles of water wmch have already been 
partly explained. Whatever mterferes with this movement must pre- 
vent the passage of heat, and consequently thick viscous liquids are 
always ctimcult to boil, and in consequence of their motion bdbpp im- 
peded they rise to too high a temperature and are burnt. This tact is 
remarkabljr apparent in the manufacture of nice white lump sugar ; as 
the syrup is evaporated it becomes very thick, and if boiled over a fire 
might frequently be burnt, but it is boiled by the heat of steam, and 
under a vacuum produced by an air-pump, and thus the sugar-boiler ia 
enabled to avert all danger from burning. 
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It is, then, by a continufd and perpetual motion, inyolving circnlation 
of the partides, that heat trayeb through water; and the fact already 
described is still farther 
elucidated by one of Pro- 
fessor Griffith's simple but 
telling experiments. A 
^lass tube, about three feet 
in length and half an inch 
in diameter, is bent as at ▲ 
(Fig. 368), and then being 
filled with water, is sus- 
pended by a string attached 
to any convenient support 
inside a copper dish con- 
taining water, so that the 
straight end is at the top 
of the water, and the curved 
end at the bottom. Just 
before it is used some ink 
or other colouring matter 
is poured into the copper 
pan of water; ana it 
should not be added till 
the moment the experi- 
ment is to begin, as any 
rise of temperature in the 
room promotes circuiationy 
and interferes with the co- 
lourlessness of the water 
in the tube, which is com- 
pared with the inlnr fluid 
in the basin. Directly heat 
is applied the hot water 
rises to the top of the 
copper vessel, and thence 
gradually up the tube ; and 
this movement is rendered visible by the hot coloured liquid matter 
creeping slowly up the tube, and dismacing the colourless water, which 
falls gradually into the copper ^. [¥is, 368.)^ 

The principle of the circulation of the particles of water bein^ once 
understood, it is eas^ to comprehend how it is applied to the heatmg of 
buildings by what is called the " Hot Water Apparatus." A cou of 
pipe is enclosed in a proper furnace, and the bottom end communicates 
with a pipe coming from a second tube or set of coils, placed above it in 
another apartment, whilst the top of the latter coil communicates with 
the top pipe of the first coil. When the fire is lighted, the circulation 
through the first coil of pipe commences, and is communicated to the 
second, and from that back again to the first ; so that the *' hot water 




Fig. 968. A. The bent glass tabe fall of water. 
B B. The copper pan confainhig coloured water. The 
axiows du)w the drcolation of the water. 
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■Titem" involrei m endless chain of pipes of vster, prorided witk 
proper safety Tslves h> allow for the escape of an; expanded air or 
steam ; and wrious accidents hare occurreil m consequence of persona 
n^^ccting to look after the perfection of this safety toItc. The fearful 
accident which occurred to the hot water casing around one of the 
fnnneU of the Oreal Eattern offers a paiufnl but memorable eimnple ot 
the heating of water, and of the dai^ers that must arise if the pipe, 
casinR, or other tcsbcI which tMiDtains it, is not provided with an escap« 
ts suetr valve, which must always be in good teorkiiig aider. 

Hr. Jacob Perkins, in 1831, made his name remarkable for experi- 
TDBtAa with the circulation of water through tubes, and his account of 
the invention and im- 
proremcDt at the 
" Steam Gun," in 
which the improve- 
ment consists chiefly 
in the circulation of 
water through coils of 
pipe, is so important 
that we give it verba- 
tim, with a drawing of 
the steam gtm; and 
the author is enabled 
to *onch for the accn- 
rvsj of the statements 
made in the description 
of the apparatus, oa be 
purchased one of the 
unproved steam gnns, 
and exhibited it at the 
Polytechnic Institu- 
tion, where it dis- 
cha^ed three hundred 
bullets per minute. 

" The expansive 
power of steam has 
often been proposed aa 
a substitute far gim- 
ne.m Th. -hrglxg tnb. B,d pm.l»rrd POwder, tor discharging 

otitoHmgiin. balls and other pro- 

jectiles ; the great 
danger, however, which was formerly thought to be inseparably con- 
nected with the generation and use of steam, at so extraordinary ■ 
pressure as appeared necessair to produce an effect approximating to 
that of gunpowder, preventea scientific men from testmr the power of 
this new agent by experiment. It was also apparent that the appa- 
tatna whicli was ordinarily used for generating steam for steam-enginta 
was wholly inadequate to sustain the necesaoiy presaun, and that one 
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of a totally different character must be contrived before steam conld 
be sufficiently confined to come into competition with its powerful rival. 

"In the year 1824, Mr. Jacob Perkms succeeded in constructing a 
generator of such form and strength, as allowed him to carry on nis 
experiments with highly elastic steam without dan^r, although sub- 
jected to a pressure of 100 atmospheres. The prmciple of its safety 
consisted in subdividing the vessel containing the water and steam into 
chambers or compartments, so small, that tne bursting of one of them 
was perfectly harmless in its effects, and only served as an outlet, or 
safety valve, to relieve the rest. 

"Although Mi, Perkins' generator was originally intended for working 
steam engines (it having long been evident to him that highly elastic 
steam used expansively would be attended with considerable economy), 
the idea occurred to mm, in the course of ,his experiments, that he had 
already solved the problem of safely generating steam of sufficient 
power for the purposes of steam gunnery; and that the steam which 
dail^ worked his engine possessed an elastic force quite adequate to the 
projection of musket baus. He therefore caused a gun to be imme- 
diately constructed, and connected by a pipe to the generator, the first 
trial of which fully realized his most sanguine anticipations. Its per- 
formance, indeed, was so extraordinary and unexpected, that it gave rise 
to a paradox, which was difficult of explanation — ^viz., that steam, at a 
pressure of onl^ forty atmospheres, produced an effect equal to gunpowder ; 
whereas it was Imown that the combustion of gunpowder was attended 
with a pressure of from 500 to 1000 atmospheres. 

"Mr. Perkins gives the following explanation of this apparent dis- 
crepancy, by referring to the small effect produced by fulminating 
powder, compared to gunpowder, although many times more powerful ; 
ne supposes that the action of fulminating powder, however intense, 
does not continue sufficiently long to impart to the ball its full power. 
The explosion of gunpowder, although not so powerful at the instant of 
ianition, is nevertheless, in the aggregate, productive of greater effect 
tnan that of fulminating powder, because the subsequent expansion 
continues in action upon the ball (but with decreasing effect), until it 
has left the barrel. The action of steam differs from either of these 
agents, inasmuch as it continues in Jull force until the ball has left the 
barrel; and to this is assigned the cause of its superiority. 

" In the vear 1826, Mr. Perkins had so perfected the mechanism of 
the gun and generator that, at an exhibition and trial of its power, in 
the presence of the Duke of Wellington and other distinguished officers 
of tne Ordnance Departpient, balls of an ounce weight were propelled, 
at the distance of thirty-five yards, through an iron plate one-fourth of 
an inch in thickness; also, through eleven hard planks, one inch in 
thickness, placed at distances of an inch from each other. Continuous 
showers of balls were also projected with such rapidity, that when the 
barrel of the gun was slomy swept round in a horizontal <Hrection, a 

Elank, twelve feet in length, was so completely perforated, that the line of 
oles nearly resembled a groove cut from one of its ends to the other. 

c c . 



BOI'B PUTBOOK or 8GISN0B. 




u 



•Tfc^lB 



Tig. no. Pokliit'i iteam gm. 



THE STEAK GUN. 887 

** A if in ifKW fkmaet, eontaininsr a continaoQi coil of iron taUnff, 80 feet Sn lengtih, 
1 inch of external and fth inch of internal diameter, within which the fire is made; Ihe 
upper eoA. of this tube, b, called the flow-pipe, is extended any required distance to the Un^ 
of the generator. 

"The ftimaoe is provided with a very ingenious heat governor or regulator » by which the 
Intensity of the fire is always proportionate to the temperature which it may be requisite 
to maintain in the tubes. 

" K is an iron box, oontainii^ a series of levers, & ft 5; «, a nut screwed upon the flow- 
pipe, and in contact with the short arm of the lowest of the levers, b. A lever, firom one 
end of wUch is suspended the damper y, and from the other end the rod o, which rests 

rn the long arm of the highest of the levers, hbb. When the apparatus has arrived at 
required temperature, the nut o is screwed down until it bears upon the lever. Any 
ftrther increase of temperature will expand or lengthen the flow-pipe, and depress Ihe 
short arm of the lever, which is in contact with the nut. The combined and multiplied 
action of the levers will then elevate the rod p, and the damper / will descend to oieck 
the draught. When the fire slackens, and the apparatus cools, the action of the levers will 
be revcTMd, and the damper will open. The space through which the damper moves, com- 
pared with the nut e, is as aOO to 1. 

" o is the generator, composed of a strong iron tube, 3 inches diameter and 6 feet in 
length, within which are eight smaller tubes, having their ends welded to the ends of the 
laa^ger tube. These small tubes communicate at the top with the Jlow-pipe b, and at the 
bottom with the retum^mpe b, which is continued to the bottom of the fhmace-coil <^ 
tubing. The circulation m the tubes is occasioned bv the difTerence hi the specific gravities 
of the water composing the ascending and descending currents ; the jwrtion contained in 
the fiow-pipe and fire coU becoming expanded by the heat, ascends by its superior levity ; 
while XYaX contained in the small tubes of the generator, having givra off its heat, acquires 
Increased dimsity, and descends through the returahpipe n to the bottom of the fttmace* 
coil, to take the place of the ascending current. When the hot-water current has arrived 
at a temperature of 212^ and upwards, cold water is iniected into the ^nerator, and 
becomes converted into steam bv its contact with the small tubes ; the rapidity of evapo- 
ration and tiie pressure of the steam depending, of course, upon the temperature of uie 
hot-water current, which at 600° will cause a pressure within the tubes of 60 atmospheres, 
or 760 lbs. upon the square inch. The whole apparatus is proved to be capable of sustaining 
a pressure of 200 atmospheres, or 3000 lbs. upon the square inch. 

^ 6. A force pomp ibr imeetmg water into the generator. 

"z. The indicator for exhibiting the pressure of the steam in the generator, and of the 
water in the boiler; it may be connected with either by means of the valves attached to 
the levers. 

" J. Valve to regulate the pressure of water. 

"jl. Valve to regulate the pressoie of steam. 

" K. The steam pipe. 

"i.Thegun. 

" iL The discharging lever aettng npon the valve v. 

'*o. The discharging cock, by a simple adjustment in which balls are transferred from 
the diarging tube r to tiie gun barrel, tHinglg (»r in a eomUmmom ekower, 

" As the perfection and introdaction of the steam gun was not a field 
for private enterprise^ and the British Goyenunent having declined to 
institute experiments at its own expense, Mr. Perkins was relnctantlj 
compelled to leave the project, and to engage in others of a more lucra- 
tive, although, perhaps, of a less important nature. He did not suspend 
liis operations, nowever, until he had constructed for the French Govern- 
ment a piece of artiUertf iohieh discharged balls weighing five pounds at 
ihe rate of sixty per minute, 

"The gun and generator exhibited at the Polytechnic Institution 
during the time that Mr. Pepper was the B^sidmit Director were the 
production of Mr. A. M. rerkins, of London, who has invented an 
entirelv new method of generating steam, which has been successfully 
applied to steam engines, and is at once^so simple, safe, uid economical 
as to leave little doubt that, with its aid, the steam gun will ere long 
rank amongst the first instruments of warfare. 

cc3 
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"The gan, except in a few minor mechanical details, does not differ 
from that originally constructed hj Mr. Jacob Perkins. 

"The novelty which distinguishes the generator from all others, 
consists in the manner of conveying the heat from the fire to the water, 
without exponng the generator to the action of the fire. This is accom- 
plished by means of the circulation, in iron tubes, of a current of hot 
water, which is entirely separate from, and independent of> that to be 
evaporated in the generator. 

"The following are the principal advantages which this generator 
possesses over aU others : Freedom from all wear or deterioration con- 
sequent upon exposure to the fire, an important quality in a generator that 
. is to be subjected to great pressure, masmuch as its original strength 
remains unimpaired ; no accident can arise from want of water in the 
generator, and the precautions indispensably requisite when a generator 
IS in contact with the fire are quite unnecessary, as the water may be 
drawn off with impunity without producing the least injurious effect, 
and the grossest neglect is followed by no worse consequences than an 
inefficient supply of steam ; an explosion of the generator is impossible^ 
as the temperature of the furnace-coil always exceeds that of any other 
part of the apparatus, and consequently, being the weakest part, is 
mvariably the mrst to yield when the pressure is carried beyond the 
strength of the pipes ; economy of fuel is also obtained, with a small 
amount of fire surface. The circulation of the water has likewise the 
effect of preserving the fire-coil from the decay to which boilers are 
liable ; many such coils, which have been in constant use for eight years, 
being apparently as good as when first erected. 

"The whole apparatus is exceedingly simple, and will be readily 
understood by reference to the accompanying diagram. (Fig. 370.) 

"The steam has often been raised to a pressure of 700 ll». on the 
square inch, but one-third of that pressure is sufficient to completely 
flatten the balls when discharged against an iron taiget one hundred feet 
distant from the gun ; and a pressure of 400 lbs. per square inch, at the 
same distance, shivers the ball to atoms, with the production in a dark 
room of a visible flash of light. Steam guns are generally mounted 
upon a ball and socket joint, which allows the barrel to move freely in 
€very direction," 

The conduction of heat through gases is also very slow when heat is 
applied to the upper part of an^ stratum of air. Heat appears to be 
diffused through air onljr b^ the circulation and rising of the heated and 
lighter strata, and the sinking of the colder currents which t^ake their 
p&ces ; hence the danger of sitting in a room under an open sb^light. 
A current of cold air may descend upon the head of the indivicuial, 
whilst the warmer air takes some other opening to escape from. No 
doubt the movement of heated volumes of air is subject to definite laws* 
which apply themselves under every case, but are rather difficult to 
grasp when the subject of ventilation is concerned. The philosophical 
ventilator is often areadfully teased by the inversion of fdl that he had 
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planned, or the total failure of liis apparatus. No specific mode of 
ventilation can be found to suit all rooms and buildings ; thej are like 
the patients of a physician who cannot be cured by one medicine only, 
but must have a treatment adapted properly to each case. If the fires» 
eandles, gas, or oil-lamps, doors, wmdows, and chimneys, were always 
under the control of the scientific ventilator, his task would be very 
simple, but it is well understood that a ventilating system whicn 
answers well if certain doors communicating with loobies are closed, 
fails directly they are accidentally opened. The watchful care of the 
Ycntilator must begin with the lowest area door, and in his calculations 
he must study the effect of every other door or window that may be 
opened, so tnat if a scientific man undertakes to ventilate a house, he 
must have a well-drawn plan hung up in the hall, and it must be 
dearly understood by the mmates that any interference with that plan 
will prejudice the whole. 

There are a few common principles which wUl guide in ventilation, 
and these are, first, the rise of hot and the fall of cold air ; second, 
that if an aperture is provided at the top of a room for the escape of 
hot air, an equally large aperture must be left for the entry of cola air ; 
third, the aperture for the escape of hot air must be adapted in size to 
the number of persons likely to enter the room, and the number of gas 
or other lights ouming in it. During the daytime, moderate apertures 
for the exit and entrance of air may suffice, but these must be largely 
increased at night, when the room is filled with people and lighted up. 
Expanding ana contracting openings are therefore desirable, and they 
are to be regulated by rules stated on the plan of the ventilating system 
(already alluded to as being hung up in the hall) of the house which 
has submitted itself to a perfect system of ventilation, and no hall- 
keeper, footman, or butler should be allowed to remain in his post 
unless he undertakes to comprehend the system and work it properly by 
the written rules. 

Dr. Angus Smith, in a very able paper " On the Air of Towns," says— 
" One of the conditions of health, ana a most important, if not the most 
important of all, is to be found in the state of the atmosphere. As to 
the effect on the inhabitants, the question becomes exceedingly com- 
plicated ; but the Registrar-General's returns are an unanswerable 
reply as to the results of the lethal influences of the district. Few 
people seem clearly to picture to themselves the meaning of a decimal 
plan in the per-centa^ of death, and few clearly see that there are 
districts of England wnere the deaths at least in some years, and when 
no recognised epidemic occurs, are three times greater than in others. 
When we hear of the annual deaths in some cUstricts being 3*4: per 
cent., and in the whole of England 2 '2, it is simply that 34 me instead 
of 22, whilst even that is too slightly stated, as the whole of England 
would show a lower death-rate if the towns were not used to swell it." 

This quotation is given here to remind our readers of the important 
question of a supply of pure air as well as pure water and pure food; 
and if the agricultural labourer, with all his exposure to variable 
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we&tber, can take the first place in the scale of mortalitj, and ontlive 
the members of all other trades and professions, it is evident that the 
importance of pure air is not overrated. 

Every effort ought, therefore, to be made in large schools, hospitals, 
and barracks, to enforce a rigid system of supply of fresh air, and a. 
sewage or removal of the impure ; and in the use of a certain test em- 
ployed by Dr. Smith for the detection of organic matter in the air a 
number of approximations were obtained, which dearlv demonstrated 
that 1 grain of organic matter was detected in 72,000 cuoic inches of air 
in a room, and the same quantity in 8000 cubic inches taken from a 
crowded ra^way carriage. 

To show the rising of heated air, a long glass tnbe, about three** 

Quarters of an inch in diameter, may be provided and held over the 

name of a spirit lamp at an angle of sixty degrees. As the tube warms, 

the heated air rushes past the flame with great rapidity, and pulls it 

* out or elongates it so much, that the sharp point of the spint-flame 




^Pigr. 871. A B-^The glags tube. c. The spirit lamp, with a very large wick ; if.* little 
ettier is miied with the spint in the lamp It increases the length of the flame. ». The 
tfbct of th« ascension of air, increased by wanning the top of the tnbe with tixe lamp ». 
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will frequently be seen at the end of a tube ten feet six inches in 
leneth. The flame is, as it were, the sign-post that indicates the path 
or oirection of the air. (Fig. 371.) 

Upon the like principle, heated air may be dragged down the short 
arm of a syphon, provided the other arm is sufficiently long to impart a 
strong directive tendency to the upward current, and this mode of 
setting air in motion has been frequently proposed in numerous schemes 
for ventilation. In order to prove the fact that an inverted syphon 
will act in this manner, an iron pipe of three inches diameter and 
six feet long may be bent round dunn^ the construction into the form 
of a syphon, so that the short length is about one foot long, and the 
long length the remaining four feet, allowing one foot for the bend. If 
the interior of the long arm is first warmed by burning in it a little 
spirits of wine from a piece of cotton or tow wetted with the latter 
(which can be easily done by dropping in such a wetted piece into the 
bend of tube, so that it is just under the opening of the long part of 
tiie tube), the air is soon set in motion up the long pipe, and as it must 
be supplied with fresh vo- 
lumes of air to take the 
place of that which rises, 
and as the only entrance for 
the fresh air can be down 
the short arm of the sy- 
phon, the circulation soon 
commences, and it pro- 
ceeds as long as the upper 
arm is kept sufficiently 
warm. If a flame is held 
over the mouth of the 
short arm, it is immedi- 
ately dragged downward, 
whilst, if held at the 
mouth of the long pipe, 
the motion of the an: is 
seen by the assistance of 
the flfune to be in the 
contrary direction. (Fig. 
372.) 

This plan of ventilation ^ ^ t ^-^ k * i ^. a . 

<«rao ^Jt^rx^^A ♦r. Vi» noo^ Mg. 872. A B. Inverted sheet iron syphon. AtoJs 
was projwsed to be used geen the piece of tow moistened with sleohol, which, 
in rooms m connexion with being set on fire, wanns the tnbe b. s. A lighted torch 

the chimney and chinmey- tt'SS^,t*^1S5S54r'cS;S^''.^^ 

piece, ana m order to give upwards Xxj the Moending conent b. 
it an ornamental appear- 
ance, the chimney-piece was supplied with two ornamental hollow 
columns, the ends of which were open at the mantelshelf, and the 
tubes or columns were continued under the hearthstone, proceedings 
up the back of the grate and. entering the chimney, in wnich ther^ 
would be a constant. current o£ heated air, and it was expected that 
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the ijpliou Bmnffemeat vonld keep a cnirent of atf alwftjs in 
motion, and Uim he^ to Teatibte tile room. (Fig. 373.) This plan. 



ng.tTS. Ai. CMiimty-idtMiiappottedoiLtinihollowonammiMpBttwCQntt 
with the ibort tna of % ijuioiL oc o- The dotted Una ihowliig ttw plpea ladbi^ 

novever, does cot appear to hare been adopted, and wiseh so, because 
half the time the sjphon arrBn^ment might invert itself, and TOmit 
amokj air out of the chimney into the room ; indeed it is snrpiising what 
odd and contradictor; frei^s are performed by currents of air. The 
Anthor remembers a case where two rooms on the same floor, the one 
a dioini^-room and the other a drawi^-room, were always exhibiting the 
most absurd phenomena of smoke. If the fire in one room was lit, then 
the other, in a few moments, began to smell exactly like the inside of a 
gas manofactflry, and was, of course, more or less filled with smoke, 
whilst the room- in which the fire was actually burning remained qoite 
free troni this annoyance. The smoke appeared to issue from the 
wainscot or moulding which runs round at the bottom of the wall, and 
was at first thought to be an escajie from the chimney of the kitchen 
beneath, the inside of which was duly examined and thoroughly stopped 
with cement in every place likely to afford a channel to the smok^ and 
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the crevice whence the smoke issued was also filled in neatly with 
cement. But it was all in yain ; the smoke then made its way oat from 
another part of the cornice, and at last the ro^ms exhibited a beautiful 
reciprocating action. If the drawing-room fire was lighted the dining- 
room was fml of smoke, and if the latter was lighted the former had the 
agreeable visitation. At last the backs of the two grates were ex- 
amined, and in each was discovered a hole about one inch in diameter ; 
and it was also found that the spaces at the back of the stoves had not 
been filled in properly, and, indeed, communicated with the hollow space 
behind the cornice. When, therefore, the fire was lighted, and coals 
heaped on just above the hole, the gas and smoke distSled through the 
orifice and travelled on, where it found the most convenient exit ; and 
the fact is sadly at variance {apparently) with theory, because it might 
be considered that cold air would rush towards a fire, and that the 
draught ought to have been from the cornice to the chimney instead of 
vice versa. The fact seems to be that the coal in all grates is, in the act 
of burning, distilling and eivin^ off inflammable gas ; when, the coal was, 
therefore, heaped aoove the orifice, and was, possibly, caked hard at the 
top, the gas distillii^ from it escaped more easily from the little orifice 
than elsewhere, and chance determined that the cnannel or delivery pipe 
should be in the direction of the drawing-room when the fire was burn- 
ing in the dining-room, and in the contrary direction when the fire was 
lignted in the latter chamber. The nuisance was stopped by pluff^g 
the holes at the back of the grate with clay, and putting a sheet of iron 
over the orifice. 

Before Dr. Earaday was appointed as a scientific counsellor to assist 
the deliberations of the Trinity Board in connexion with lighthouses, sdl 
the lamps were burnt in the lanterns with the smallest and most imper- 
fect arrangement for carrying off the heated air and products of com- 
bustion ; as a natural consequence, and particularly on cold nights, the 
windows of the lantern of the lighthouse were covered with ice derived 
from the condensation of the water produced by the combustion of the 
hydrogen of the oil, whilst the carbon generated such quantities of car- 
bonic acid that the light-keepers were unable to stay in the lantern, and 
if obliged to visit the latter (whilst looking to improving the light of any 
single lamp that might be burning dimly), they were almost overpowered 
ytim the excess of carbonic acid, and stated, in their evidence, that it pro- 
duced headache and sickness, and a tendency to insensibility. Faraday 
immediately established a system of ventilation ; and by attaching; a 
copper tube to the top of each lamp-chimney, and centering them all in. 
one large funnel passing to the top of the lighthouse, the whole of the 
water which previously condensed on the ^ass windows and impeded 
the light, besides injuring the brass and copper fittings, was carried off, 
as also the poisonous carbonic acid gas ; and thus, as Dr. Faraday ex- 
pressed himself, a complete system of sewage was applied to the lamps 
of the lighthouses. 

If any one of the numerous stories of ships saved by the Eddystone 
Lighthouse could demonstrate more than anoUier the value qf this beacoa 
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in mid ocean, it must be the mphic account in the Times of the gallant 
conduct of the British Admiru with his fleet whilst breasting the frightful 
storm of October, 1859, and endeaTourmg to reach Pbrmouth Sound : — 
" It was on Saturda>y, the 22nd October, that the Iiero, the Trafalgar, 
the Algiers, and the Aboukir, accompanied by the Mersey, the JEmerald, 
and the Melpomene, put to sea from Queenstown. Up to the afternoon 
of Monday the squadron met with no remarkable adventure, but about 
that time, just after the crews had been exescised at gunnery practice, 
heavy storms of hail and sleet began to set in. Still there was no imme- 
diate indication of the tempest at hand, and at sunset topsails were 
double-reefed and courses reefed for the night, with no particular cha- 
racter about the wind, except that of extreme yariability. As the morn- 
ing broke on Tuesday — ^the day of the storm — the Land's-end was 
sifted, and the rain and the wina continued to increase. About nine a.m. 
the advent of the gale was no longer doubtful j topgallantyards were 

^ sent on deck and topgallantmasts struck, and the signal was given from 
the flagsMp, *Form two columns; form line of battle; Acuniral v^ 
endeavour to to to Plymouth.' To Plymouth, accordingly, the course of 
the fleet was Siaped, out so terrifically had the wind increased that it 
became very questionable whether the stemmost ships of the line could 
possibly succeed in entering the Sound. Upon this the Admiral deter- 
mined to wear the fleet together, stand off, pd face the storm, a ma- 
noeuvre which, under circumstances of great difficulty, was most gallantly 
executed. The ships were dose upon the Eddystone Lighthouse, round 
which they 'darted like dolphins' under the tremendous pressure of the, 
gale, the Trafalgar stopping in the midst of the storm to pick up a man 

' who had fallen overboard. The whole sjjuadron now stood off tue land, 
the Mersey and Melpomene furling their sails, and the former vessel 
steaming uong 'like an ocean giant.' Still the gale increased till about 
three f.m., when there occurred that remarkable phenomenon hj whidi 
these rotatory tempests are characterized. The neet had got mto the 
very centre of the storm, the ' eye' of the tornado, and, though the sea 
towered up and broke in tremendous billows all around, the wind sud- 
denly ceased and the sun shone. When, however, the signal had been 
given and obeyed for setting sail again, the ships soon encountered the 
gale once more — ^not, as b^ore, from the S.E., but the N.W. — and in. 
greater force than ever. It was now a perfect hurricane ; and for three 
hours the whole furv of the tempest was poured upon the squadron. 
When it be^an, at length, to abate a little, the four line-of-battle ships 
and one of the fri^tes were still in company, and all doing well. The 
Mersey and the Mmerald had steamed into Plymouth, but the five re- 
maining vessels kept in open order throughout that terrible night, wore 
in succession by night signal at about one a.m., made the lana at day- 
light, formed line of battle, came grandly up Ghaimel under sail at the 
rate of eleven knots an hour, stea^led into Portland, and 'took up their 
anchorage without the loss of a sail, a spar, or a ropeyam.' " 

After making the important improvement in the ventilation of light- 
houses, many letters were addressed to the learned philosopher by 
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numerous light-keepers, one of which in plain but striking language 
related that " the enemy (alluding to the water and carbonic aci(Q wot 
now driven out*'' 

The ingenious invention alluded to was succeeded by another and 
equally simple but philosophical arrangement, which Dr. Faraday pre- 
sentea to nis brother, ana it was duly patented. It consisted of an 
arrangement for ventilating gas burners, and it must be obvious that a 
necessity exists for such ventilation, because every cubic foot of ooal 
gas when burnt produces a little more than a cubic foot of carbonic 
acid. A pound weight of ordinary coal gas contains about -^ths of its 
weight of hydrogen, which when burnt produces two pounds and -j^tha 
of a pound of water. A pound of ordinary coal gas also contains about 
•^ths of its weight of cnarcoal, which produces when burnt rather 
more than two and a half pounds of carbonic acid ^as — ^viz., 2*56. In 
order to bum this c[uantity of g^ nineteen cubic leet and -^ths of a 
foot of atmospheric air, contuning 4*26 cubic feet of oxygen, are 
required. 

It is not therefore sur- 
prising that as common coal 
gas is sometimes purified 
carelessly, and contains a 
minute trace of sulphuretted 
hydrogen, with some bisul- 
phide of carbon vapour, that 
it should produce the most 
prejudicial effects in badly 
ventilated rooms, and espe-' 
ciallv in some of those 
percned up glass boxes in 
large places of business, 
where clerks are obliged to 
sit for many consecutive 
hours, lightea by gas, and 
breathing their own breath 
and the products of combus- 
tion from the gas light, 
thereby rendering them- 
selves liable to diseases of 
the lungs, and also to very 

troublesome throat attacks, ^ 37^ ^ ^ ^ ^^ ^^ ^^^^ ^^^, ^^ 
wnen leavmg tneir close air enten, as osnal, up the centre of the argand. 
class boxes, and passing into Sn?* '"*® ^"*i »l»» cl»™neT open at the top. n ». 
♦V« ^^U «,•«.!,+ «,•« rrC? j„^ The second ghws chimner closed at the top, with a 
tne cold night air. Ihe dan- disc of donWe talc, and fitting over 0, an«f leavfay 

ferous product of the com- & >I»oe between the two glasses, down which the 
imfioTi nf nrdiTiArv nnal tnm "^ P«««». ^nd Into the ventilating tube, x b. 
usnon 01 oromary coal g^ k h. The groond-ffhiss globe closed at the tip, and 
15 sulphurous acid — ^VIZ., the smroondi^ the whole.* 




* Mr. Faraday, of Wardoor-street, supplies this ventilating' lamp. 
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same gu at that geaented vhen a sulphur match b burnt ; and if it 
irill aUack the billings of books, and damage faniitnre, goods in shops, 
Ciutaiiii, Sic, in conseqaence of the large qtiautitjr of water with which 
it is accompanied, how much more ia it not liielj to injure the delicate 
organism of the breathing appaiatns of the longs ? Dr. Faraday's lamp 
is therefore a great boon, but, lile a. great man; other clever things, it 
must be adapted to the currents of air and draught from the Toom ; and 
means must be taken to prevent the draught becoming too powerful in 
Faraday's lamp, or else the illuminating power is deatcojed hy the 
thorough combustion of the carbon of the coal gas, and the heat gene- 
rated is so intense that the glasses soon crack, and of course b^ome 
useless. The lamp will answer very well if (as has been already stated) 
the draoght in the ventilating pipe is not too great. 

The system already explained and illustrated is likewise carried 
out on a much larger scale in the ventilation of coal pits, where a shaft 
is DSQslly sunk into the ground for the admission of air, which, after 
circulating through the intricate windings and mazes of the cool pit 
workings, escapes at lost from another shaft, at the bottom of which is 
placed a powerful furnace, and this is kept burning night and day, so 



lf\K. S7S. Bflctlou ihowtng the two ■li^hifti. a. Tha dawnout. - s. /HiB apart, 
c 0- One of tha wnUaf nllniei Id coiuieilaD with tha apcut And downcAaL s. Tha 
fltnuH U Iht bottom of at i^msil. Id thlj ikctah nt gtUaj oolf hu ham ihown, la 
pnnnt caiiAialon aad (o allow tha prindsla. 
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that tlie movement of the air is maintained in one direction— viz., from 
the outer air down the shaft caDed the downcast, thenoe to the gallenes, 
where the coal hewers are working, to the second shaft, near which 
the furnace is placed, and up this latter the air travels ; the shaft, pit, 
or funnel being very appropriately termed the upcast. 

Should the furnace at the bottom of the upcast be neglected, the 
ventilation may be just balanced, or set slightly towards the downcast ; 
under these circumstances the carbonic acid from the fire will begin to 
circulate in the galleries, and poison those who are not aware of its 
presence and take the proper means to escape. Such accidents, amongst 
the host of others that occur in a coal pit, nave actually been recorded; 
and the firemen, whose duty it might be to attend to the proper burning 
of the furnace, have had to pay the penalty of death for their own careless- 
ness in falling asleep and neglecting to maintain the ventilation of the 
mine in one direction. (Fig. 375.) 
These details are amply sufficient to demonstrate the manner in which 
' heat is diffused through air, whilst the rarefication of the air by heat 
suggests the cause of those frightful storms of wind that rush from 
other and colder parts of the surface of the globe, to supply the void 
produced by the cooling , and contraction of the enormous volumes of 
gaseous maUer. 

The Eadiatiim of Heat, 

When rays of heat are emitted from incandescent matter, they are not 
necessarily visible, nay, they are generally invisible, and not accom- 
panied with a manifestation of light, and pass with great velocity through 
a void or vacuum, also through air and certain other bodies. From 

. what has been stated respecting the manner in which air, by continually 
moving, and by convection, carries off heat, it mi^ht be thought that no 
proof existed that invisible rays of heat are re^y thrown off from a 
oall filled with boiling water. But this question is set at rest by the 
fact, that such a ball will cool rapidly when suspended by a string inside 
the receiver of an air pump from which the atmospheric air has been 

. removed, so that no conduction of the particles of air could possiUy 
remove the heat. 
In the year 1786, Colonel Sir B. Thompson examined the relative 

. conducting powers of air and a Torricellian vacuum — ^the latter being 
used because, as the experimenter stated, it was impossible to obtain a 
perfect vacuum, on account of the moist vapour which exhaled from the 
wet leather and the oil used in the machine, for at that time carefully 
ground brass plates were not used in air-pumps, but plates only, with a 
circtdar piece of wet leather upon them. In a paper wnich Colonel Sir B. 
lliompson read before the Uoval Society, he stated that ''It appears that 
the Torricellian vacuum, which affords so ready a passage to tne electric 
fluid, so far from being a good conductor of heat, is a much worse one 
than common air, which of itself is reckoned among the worst ; for when 
the bulb of the thermometer was surrounded with air, and the instruo 
ment was plunged into boiling water, the mercuiy rose from 18° to 37° 
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in. f orty-fiye seconds ; but in the former experiment, when it was sur- 
rounded by a Torricellian yacuum, it required to remain in the boiling 
water one minute thirty seconds to acquire that degree of heat. In the 
vacuum it required five minutes to rise to 48^^ths; but in air it rose 
to that height in two minutes forty seconds ; and the proportion of the 
times in the other observation was nearly the same. 

''It appears, horn other experiments, tnat the conducting power of air 
to that of the Torricellian vacuum, under the circumstances described, 
is as 1000 to 702 nearly, for the quantities of heat communicated being 
equal, the intensity of the communication is as the times inversely. By 
otiiers it appears that the conducting power of air is to that of the 
Torricellian vacuum as 1000 to 603." 

It is therefore very interesting to discover that the attention of 

experimentalists was early 
directed to the fact that heat 
was independent of the air, 
and passed either as waves 
of heat or molecules of heat 
through space. The velo- 
city with which heat moves 
through a vacuum is very 
great, and in an experiment 
performed by M. Pictet, no 
perceptible interval took 
place between the time at 
which caloric q^uitted a 
heated body and its recep- 
tion by a thermometer at a 
distance of sixty-nine feet. 
It appears also, from the 
expenments of the same 
philosopher, to be thrown 
off or radiated in every di- 
rection, and not to be di- 
verted (as shown at p. 369) 
by any strong current of air 
passing it transversely. Sir 
Humphrey Davy ignited the 
charcK)al points connected 
with a battery in a vacuum, 
taking care to place the 
charcoal points at the top 
of the jar, and a concave 
mirror, with a delicate ther- 
mometer in its focus, at the 

Fig. 376. The air-pump and receiver, containing at bottom of the vessel placed 

Ji the electric light in the focasof a concare mirror, -,«on +1ia air wnmn T^lftt<» 

«qd at 9 a deUcate tiiermomcter, also In the fbcua of a BP°^ 2^ ^^ PW. P^^^* 

odncave mirror. The effect of radiation was 
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ascerUined first when the recurer was foil of adi, sad next when it was 
exhausted to tictb (<.«., 199 parts pomped out, leavins onlf one port 
of ur in the leceiver). In the latter case, the effect ot radiation was 
fonnd to be three times greater than in an atmosphere of the common 
density. The greater rise of the thermometer in vaeuo than in air is to 
be ascribed to the conducting power of the latter; for this conducting 
power, h; reducing the temperature of the heated bodv, has a constant 
tendencT to diminish the activitj of radiation, whicli is always pro- 
portionid to the excess of the temperature of the heated body above that 
of the surroonding medium. (Kg. 376.) 

Count Rumford's eiperimeats with a Tonicelli&n Tacunm nves the 
proportion of five iit Boaio to three in air for the quantities of heat lost 
by radiation, and by conduction or diffasion. If is not, perhaps, de- 
patting very far from the truth, if it be stated that one half of the heat 
lost by a heated body escapes by radiation, and that the rest is carried 
off by the convectiTe power of currents of air. 

If ttie process of radiation was not conJitonUy proceeding, it con easily 
be imagined that tlie temperainie of our globe would become so elerated) 
b; the regular accession of heat from the sun's raya, that the vegetation 
would be parched np and destroyed, and consequently all animals and 
the human race most become extinct. The best time to notice the 
radiation of heat from the earth is at night and after a hot summer's 
day. If the sky is clear, it will be notuxd (with the help of a ther- 
mometer,) that the gronnd is aererol decrees colder than the air a few 
leet above it. (Fig. 377.) It is this redaced temperature that causes 



1%. Vn. NtgittU md Zimbta'i l«rr«triil ndiulon thumameier. The bnlb of IUb 
IsBt^uAut li tnnipmnt, iDd tb# diTiiLt>nj CDfiTaTed on itfl gUag Bmn. iDoAeltlipUocd 
with iu bnlb (hUj «ipoHd to the ikj, TCfltin^ on ffnu, wltti Ui item'A^poitfld iljj JiCtle 
iOr^B of wood, ud piotected ftvm tM wind. 

the deposition of dew, and produces the earth-clond which so nearly 
lesemblea a sheet of water as to have been occasionally mistaken for an 
inundation, the occurrence of the previoua night. Mr. Luke Howard 
has called this cloud, which is the lowest form of these draperies of the 
sky, " The Stratus," or evening mist ; but when permanent, and increased 
to a depth so as to rise above our heads, it is then colled the morning 
fog, so peculiarly agreeable in London when incorporated with the 
bliick smoke, making a fine reddishrjellow ochreons mist. By placing a 
tbermometer, stondlmg at the ordinary temperature of the au:, cased 
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with a good radiating material, such as filaments of cotton, in the focus 
of a concave mirror, and by turning this arrangement towards a clear 
sky in the evening, it will be noticed that the temperature falls several 
degrees. Good radiators of heat are black and scratched surfaces, 
filaments of cotton, grass, twigs, boughs, and certain leaves, especially 
those with a rough surface. 

Bad radiators of heat are bright and polished metallic surfaces, white 
woollen cloth or flannel, hard and dense substances, such as a gravel 
path and stone, or those leaves which have a polished surface, such as 
the common laurel. It is the frozen dew and mist which produce the 
beautiful effect of hoar-frost and icicles on the trees and bushes, the 
primary cause being the radiation of heat from the various objects on 
the surface of the earth, as well as from the latter itself. When the 
wind is high, dew does not deposit, as it is necessary that the air should 
be calm, in order to receive the cooling impression of the cold earth, and 
to deposit the moisture, which it holds in solution as invisible steam. 
When the trind blows, it mixes all parts of the air together, and prevents 
that difference of temperature which causes the deposit of dew. Hence 
the evening mist will be more generally observed in the bosom of a 
valley surrounded by hills and screened from the winds that may blow 
from either quarter. The continual presence of moisture in the air is 
well shown by the condensation of water on the outside of a glass of 
cold sprinc water, or especially on the outside of a jug containing iced 
water. Tne invisible steam is always ready to bathe the tender plants 
with dew, which would otherwise perish and be burnt up during a hot 
summer, if they did not radiate heat at night, and thus condense water 
imon themselves. The presence of watery vapour in the aur becomes 
therefore a matter of great importance, and hence the construction of 
hy^ometers or measurers of the moisture in the air. 

Ilegnault's condenser hygrometer consists of a tube made of 
silver, very thin, and perfectly' polished ; the tube is larj^er at one 
end than the other, the large part being 1*8 in depth by 8*10 in diameter. 
This is fitted tightly to a brass stand, vdth a telescopic arrangement for 
adjusting when making an observation. The tube has a small lateral 
tuDulure, to which is attached an India-rubber tube with ivory mouth- 
piece ; this tubulure enters at right anjgles near the top, and traverses 
it to the bottom of lar^t part. A delicate thermometer is inserted in 
through a cork, or India-rubber washer, at the open end of the tube, 
the bulb of wluch descends to the centre of its Largest part. A ther- 
mometer is attached for taking the temperature of the air; also a bottle 
for containing ether. 

To use the condenser hyCTometef, a sufficient quantity of sulphuric ether 
is poured into the silver tube to cover the thermometer bulb. On allowing 
air to pass bubble by bubble through the ether, by breathing in the 
tube, an uniform temperature will be obtained ; if the ether continues 
to be agitated by breathing briskly through the tube, a rapid reduction 
of temperature will be the result. At the moment the ether is cooled 
down to the dew-point temperature, the external surface of that portion 
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of the silTer tube contaiiiiDg tlie ether will become CDvered with a coating 
erf moiataie, and the degree shown by the thermometer at that instant 
will be the temperatnre of the dew-point. 

The moat simple form of the hygrometer was formerly a very faiaurite 
indicator of the state of the weather, and Hsnally consisted of the 
fi^re of a monk vith 
his hood, which is at- 
tached to a bit of cat- 
gnt; this covering of 
paper, painted to re- 
present the hood, falls 
over the bead on the 
approach of damp 
weather, and inclines * 
well back dnhog the 
period that the air is 
dry or conttuns leas 
moiatnre ; and simple 
nait is, this hygrometer, 
in conjunction with the 
leading of the baro- 
meter, ma; assist Pa- 
fer/amilioi in deciding 
the fate of a pet bon- 
net or velvet mantle, 
which is or ia not to 
be worn on a doubtful 
day. (Fij;.378.) 

A decision on the 
possible changes of the 
weather requires con- 
siderable experience, 
and it has been said 
that one of the most 

«deb«ied..»iui.ot ^'s-Si2i"r«.irc?fi!f."SC;iate 

France owed his mra- nrioiu inUrnwdiiU poildoiu, belog qdIU t»sk ud im Uw 

tiable success in mili- '^''l?™J"i,l7 "tM*" o""" "i^- i tiumiomWM. i^ !• 
tary combinations and 

attacks to bis attention to the ugns of the weather, aa indicated by 
the state of the air dnring the phases of the moon. Ineiperienced 
persons (and by that we mean young persons) may, however, take a 
certain position in tbe rank of " weather prophets " bv consulting the 
weathercock, tbe barometer, and the hygrometer, before committing 
themselves to an opinion, if asked to say wnat the weather will be. 

The drj and wet bulb hygrometer (as represented in the next en- 
graviug) consists of two parallel thermometers, as nearly identical as 
possible, mounted ov.a wooden bracket, one ma^ed dry, the other letl. 
The bulb of the wet tiiennomcter is covered with thin muslin, loond tbe 
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neok of which is twisted a conducting ttiread of lamp-wick, or common 
danung-cotUin; this pasMS into a vessel of water, placed at snch » 
distance as to allow a length of condncting thread oC aboat tluee iDches ; 
the onp or glass is placed on one ude, and a little beneath, so that the 
watei within nw; not affect the reading of the dry bulb lAermomeler, In 

observing, the eje should be 

placed on a lerel with the top 
of the mercniT in the tube, and 
the observer saould refrainfrom 
breathing whilst taking an ob- 
servation. The temperature of 
the sir and of evaporation is 
given by the readings of the 
iao tigrmomettrt, hoat which 
can be calculated the dew-point, 
tables being fnTnished for that 
purpose with the instmment. 
(%. 379.) 

The coloor of the skv at par- 
tlcnlar times affords the most 
excellent gnidonce to doubting 
members of pic-nio or other 
out-of-door patties. Not only 
does a rosy sunset presage fine 
weather, and a ruddy sonrise 
bad weather, but there are 
olJier tints which speak with 
■.qaiA deameis and accnraej. 



A bright yellow sky in the evt 

ing indicates wind ; a pale vel- 

low, wet; a neutral grey cofonr 



constitutes a favourable s^ 
the evening, an unfavouiablo 
I one in the morning. The clondjv 

I again, are foil ol meaning iiL 

I themselves. If their forms are 

soft, undefined, and feathery, 
the weather will be fine; if 
their ed^ are hard, sharp, and 
defined, it will be fool. Gene- 
rally speaking, any de^, un- 
usual hues betoken wuid or 
lain, while the more quiet and 
dehcate tints bespeak fine 
weather. 
Kt.m. nx At aiul «t talb Iw-nrter. ^ "n"? principle of r«M<^. ^ 
hjat a employed bj the Indian 
sativesin the aeighboarhood of Calcutta for the purpose of obtaining small 
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quantities of ice. In tliat climate, the thermometer during the coldest 
nights does not indicate a lower temperature than about 40^ Fahr. 
The sky, however, is perfectly cloudless, and as heat radiates with great 
rapidity from the surlace of the ground, the Indian natives ingeniously 
place very shallow earthenware nans ou straw> which is a bad conductor 
of heat, and hence insulates tne pans from communication with the 
parched earth. In a few hours, the water in the pans is covered with a 
thin sheet of ice, and there can be no doubt oi its production by an 
absolute loss of heat by radiation, because the plan does not succeed on 
a wiudy night, and succeeds best even when the pans are sunk in 
trenches dug in the earth. -A windy night prevents that difference of 
temperature between one portion of the surface of the earth and another, 
which is so essential to a steady and uniform loss of heat, as it must be 
evident that the continual mixture of warmer portions of air with that 
which is colder would tend to prevent the desired lowness of temperature 
being attained. 

The manner in which heat is observed to be radiated has suff^ted 
another theory to the fertile brain of philosophical observers, and it has 
been supposed that the conduction ot heat may be nothing more than a 
radiation from one particle of matter to another, as through a bar of 
copper, in which the particles, though packed closely together, are not 
supposed to be in actual contact, so that it is possible to conceive each 
separate atom of copper receiving and radiating its heat to the neigh- 
bouring particle, and so on throughout the lei^h and breadth of the 
metal By this theory the radiation of heat through a vacuum is brought 
into close connexion with that of the radiation of heat through the air 
and other solid and liquid bodies. 

Some of the most interesting phenomena of heat are those discovered 
hj Leslie, who has proved in a very satisfactory manner that the rapidity 
with which a body coob, depends (like the reflection of light) more on 
the condition of tne surface than on the nature of the material of which 
the surface is composed. With a elobular and bright tin vessel it was 
observed that water of a certain neat contained in it, required 156 
minutes to cool ; but when the latter vessel was covered with a thin 
coating of lamp-black and size, the water fell to the same degree as that 
noticed in the first experiment in the space of eighty-one minutes. 

By very careful observations made with a differential air thermometer, 
Leslie determined that the power of radiating heat in various sub- 
stances was as follows :— 

Lamp-black « . 100 

Writing paper ,98 

Sealing wax 95 

Grown glass 90 

Plumbu^ .75 

Tarnished lead ,45 

Clean lead 19 

Iron, polished 15 

Tin plate, gold, silver, copper . , , « • 12 

n D 2 
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As in the reflection of light, it was noticed that a piece of charcoal 
covered with gold leaf, partook of the nature of the precious metal so 
far as its power of throwing off or scattering the rays of light was con- 
cerned, so a piece of glass covered vnth gold-leaf appears to possess 
the same power of radiating heat as that of any brilliant metal. 

Badiant heat, Hke light, can be propagated through a great variety 
of substances, but is stopped by the larger number; and it can be re- 
flected, refracted, polarized, absorbed, or it may undergo a secondaiy 
radiation. 

The intensity of radiant heat follows the same law as that of light, 
and decreases as the square of the distance from its source. The same 
law that governs the reflection of light, also prevails vnth that of heat ; 
and it may be found by experiment that the angle of incidence is equal 
to the angle of reflection, so that the heat is disposed of in the same 
manner as light when it falls upon bright polishea planes, convex and 
concave surfaces ; hence the use of bright tin meat screens and Dutch 
ovens, and of all those simple pieces of culinary furniture which are em- 
ployed in the kitchen for the purpose of arresting the cold currents of 
air that set towards burning matter, as also to reflect the heat upon 
whatever viands may be cookinjg before the fire. A bright silver teapot 
retains its heat better than a dirty one, and the fact b determined very 
readily by pouring boiling water into two teapots, the one being made of 
bright tin and the other of black japanned tin. A thermometer inserts 
into each vessel virill soon show tnat the latter radiates, and therefore 
loses its heat quicker than the former ; the relative radiating powers of 
brio;ht and blackened tin being«as 15 to 100. Pipes for the convevance 
of not water or steam should be kept bright, if possible, although this 
trouble is avoided usually by packing them in bad conductors ot heat, 
whilst the polish of the cylinaer of a steam-engine is of great impor- 
tance as a means of economizing heat. 

When the finger is approached within an inch or so of a red-hot ball, 
the heat radiated from tne latter is so intense that it cannot be held there 



f||fc? 




Fiff. 380. A B. The cone of paper, giH inside, c. The red-hot ball. s. Stand with 
wood mipportinflr a slice of phoiphonu, wliich is brought into the fbcua of the rays of heat 
reflected through.the cone. 
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for more than a few seconds. If, however, the finger is coated with 
gold leaf it may be kept near the iron ball for some considerable time, 
because the radiant heat is reflected from the surface of the gold. If 
the word heat is written upon a sheet of paper and the letters after- 
wards gilt, the whole of the white surface is rapidly toasted and scorched 
when hdd before a fire, whilst the surface of the paper under the gold 
leaf remains nerfectly white, which^can be ascertained by turning the 
paper round and observing the other *side. A sheet of paper gilt inside 
and turned round as a cone, being left open at both ends, may be em- 
ployed as a reflecting surface ; and if a bit of phosphorus, placed on 
Saper, is held, say at two feet from a red-hot ball oi about two inches 
iameter, the radial heat from the latter has not sufficient intensity at 
that distance to set it on fire quicklv ; if, however, the cone of gilt paper 
is used between the two, and the phosphorus brought into the focus of 
the rays of radial heat, it very quickly takes fire. (Fig. 380.) 

Dr. Bache has determined by experiments that the radiation of heat 
from a body is not affected by colour, so that in winter all coloured clothes 
are alike in that respect, and radiate heat without any appreciable dif- 
ference. The power of absorbing heat, however, is greatly aependent on 
colour ; and as a general rule, good radiators of heat (such as a black 
cloth, or indeed any surface covered with lamp-black), are also excel- 
lent absorbents of heat. Dr. Hooke and Dr. Franklin placed pieces of 
doth of similar texture and size on snow, allowing the sun's rays to fall 
equally upon them. The dark specimen always absorbed more heat 
than the light ones, and the snow beneath them melted to a greater 
extent than under the others; and they both remarked that the effect 
was nearly in proportion to the depth of the shade, as in the following 
order : — ^After black, the maximum absorbent quality was possessed by, 
first, blue; second, green; third, purple; fourth, red; fifth, yellow. 
The minimum absorbent power was observed to belong to white. 

When radiant heat is allowed to pass through glass, the latter sub- 
stance is not found to be transparent to heat rays as it is to those of 
light, but a considerable proportion of heat is arrested and stopped; 
consequently glass fire-screens are to be found in the mansions oi the 
wealthy, because they obstruct the heat but do not exclude the cheerful 
light and blaze of the fireside. 

Melloni's researches on the nature of the rays of heat, and also on the 
media which affect them, would demand and merit a chapter to them- 
selves ; want of space, however, obliges us to omit the consideration of 
thermo-electricity, and the refined ana beautiful experiments of MeUoni, 
whose labours are a model for the imitation of all origmal seekers after 
•truth. 
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CHAPTER XXVm. 

TBE 8TIAK-BNOIKX. 

It Dttut be apparent to those nho read popular woihs on' science, that 
ikej poasega, at all erents, one point of utility — viz., that they an 
indieaiinc of the various snbjecta that mOT be selected in science for 
special, searching and exhaustive atudj. The subject of steam and the 
steam engine is not oiib that could be thoroncinlj treated at in the 
narrow space allowed in this volume, but enon^ may be said to giTS 
some instmction and to impart common principlea, whilst the minnte 
det^ ate better examined and leamt in tne works of Bourne, Banldn^ 
and other authors who devote themselves spedall; to the important 
commercial question of steam. 

The first tmth to be eompceliended is, that all matter contuns wUhia 
its substance the power of creating heat — or as it may be expressed 
more plainly, solids, fluids, and ^es contsjn what is turned iaftwl ot 
insensible heat, in contradistinction to the heat which is apparent when 
we toQcb B vessel oontaining warm water or ^proach a i^eerful fire ; 
this latter is termed muibU heat, and has formed the subject of the 
preceding cb>q>ters. 

If a cold horse-shoe nail is applied to a thin dry slice of phosphotna 
laid OD a sheet of p^er, no combustion of the phosphorus ensues, be- 
canse the temperature of the iron is not sufficiently high to affect that 
combustible Bubstanee ; bnt if the horse-shoe nailis vigorously hammered 
on an anvil, the particles of the metal are brought closer hither, and 
if it is applied to the phospboms, so much heat has been generBte<^ 
thmst or squeezed out by the hammering or condeuatiQn of the iroi^. 
that it is now snffidenlly warm to set fire to it. 
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The reverse or antithesis to this experiment — y\z., the production of 
•cold — ^wonld be shown if it were possible to expand a mass of metal 
suddenly, and this can be effected 07 first melting together 

207 parts by weight of lead. 
118 „ „ tm. 
2S4i „ „ bismuth. 

When these metals are in the hqmd state and perfectly mixed, they 
are poured from a sufficient height mto a pail of cold water, for the pur* 
pose of granulating or dividing them into small fragments. 

If the granulated compound metal is now mixed with 1617 parts by 
weight of quicksilver, it becomes suddenly liquefied and expanded: 
liquefaction is the reverse of solidification, and hence cold is produced from 
the natural heat of the compound metals being rendered latent by the 
change from the solid to the liquid state ; so that a small quantity of water 
placed in a glass tube, and surrounded with the metals whilst lique- 
rving in the mercury, becomes rapidly converted into ice, the fall of 
the temperature, as shown by a thermometer, being from 60^ Eahr. to 
14^ which is 18° degrees below the freezing point of water. In the 
former case, by hammering the iron the UUeiU keai is made sensible; 
whilst in the latter case, by the liquefaction of the compound metal in 
mercury, the sensible heat is rendered latent The heat rendered latent 
by melting different substances is not a constant quantity, but varies 
with every special body employed, and the Drs. Irvine have proved 
this fact by tne foUowing experiments :— <• 

DU^, redaoed to ihd 
Heat of flnidlty. ipecifio heat of water* 



Sulphur * . . . 143-68'' Fahr. 

Spermaceti . . . 145 

Lead 163 

Bees'-wax .... 175 

Zinc 493 

Tin 500 

Bismuth .... 550 






27-14. 

6-6. 

48-3* 
33- 

23-25. 



Every one of these substances requires more heat to bring them into 
the liquid condition than ice, for wnich 140** of heat are sufficient, or 
Are rendered latent during its conversion into water. 

In coining at the Mint, the cold blank pieces of gold, silver, or 
copper become hot directly they have sustained the violent and sudden 
pressure of the coining press, and they must be heated again, or an- 
nealed, to restore the equilibrium of the heat disturbed by the violent 
blow, or else they remain hard and unfit to sustain the finishing process 
of milling. 

The condensation of water when it assumes a smaller bulk by union 
with sulphiiric acid, is easily proved by measuring a pint of water and 
a pint of acid, and mixing them together, when a very great increase of 
temperature may be perceived ; and by placing into the mixture a cold 
copper wire that previously could not ignite phosphorus, it becomes 
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very hot, and when removed and wiped it trill csose phosphonu to fira 
direotlj it tondies that sabstancc Wben the mixture of sulphuric acid 
and water ii meaiored after it has cooled, it has no longer a bulk of two 
pints, but is foond to have lost bulk equal to one or more ounces bv 
measore. The heat evolved by a mixture of four ports of strong sul- 
nhnric acid and one part water is shown by the thermometer to be 
1° Fabr., and this mode of obtaining heat baa been Dsed by oerooaata 
___ the pnrposeof obtaini 
aetting fire to the gaa in tl 



When alcohol and water are mixed a change of denuty occurs, and 
heat is produced ; and if equal measures of alcohol of a specific grftvity 
of -825, and water, each at 50° Fahr., are mixed, a temperature of 7(r 
Fah'r. is obtained ; if the mixtaro is made in a glass vessel, as shown in 
the annexed cut, the combination is yery apparent. To perform the 
experiment properly, water is poured into the lower tube and bulb, and 
alcohol into the top one ; when this is done, the stopper is inserted, and 
the whole thoronghlj shaken and mixed together ; the warmth which is 
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thus obtained is apparent to the hand, whilst the con- 
traction is shown after the mixture is cold, as it no 
longer fills the two bulbs of the instrument. (Fig. 383.) 
The latent heat of gases is easily shown bj suddenly 
condensing air in a small syringe or pump, of which the 
piston contains a minute fragment of amadou (a species 
of fungus, Polvporus ignianus ; this, according to Sim- 
monds, after having been b^ten with a mallet, and 
dipped in a solution of saltpetre, forms the spunk or 
German tinder of commerce ; it is also used as a styjitic, 
and made into razor strops), which takes fire, and before 
the invention of vesta and other matches, tobacco-smokers 
were in the habit of obtaining a light for their pipes 
and cigars in this manner — ^viz., by the latent heat ob- 
tained from the contraction or compression of air. 
Then, again, an instructive though opposite parallel is 
afforded by suddenly expanding or rarefying air in a 

flass receiver provided with a delicate thermometer. 
(y pumping out some of the air, a considerable diminu- 
tion of the temperature occurs, and equal to several 
degrees of the thermometer. Every child knows that 
steam direct from the kettle will soud, but if it issues 
from a high-pressure boiler, say at fifteen pounds on 
the square inch, the.]iand may be held with impunity in 
the escaping steam, as it merely feels gentlv warm, and JSJwthifcontwiS 
not scalding. This is due partly to the loss of heat Hon in bulk of a 
rendered latent by the expansion of the high -pressure mixture of alcohol 
steam directly it passes into the air, and partfy to the *'* 

currents of air that are dragged into an escaping jet of steam. This 
tendency of the air to rush 
into a jet of steam was 
discovered by Faraday, and 
explains those curious ex- 
periments with a jet of 
steam by which balls, emptv 
flasks, and globular vessels 
are sustainea and supported 
either perpendicularly or 
horizontally. 

If steam at a pressure of 
about sixty pounds per inch 
is allowed to escape from 

a prooer jet, and a large a 

lighted circuJar torch com-, 
posed of tow dipped in tur- 
pentine held over it, the 

course of the external air is ^^: ??*• >• J«* dtachargfiiw Wgh-preMure ftMiii 
•k/Mwn k« 4k<> ^:»..^*^« ^e SB. Ughted toreb beid round tbo escaidiur steam 
Shown by the direction of the flaS» from tbe former aUruA into thelatter. 
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the flames, 'which are forcibly pulled and blown into the jet of steam 
'with a roaring noise, indicating the rapidity of the blast of air moving 
to the steam jet. (Eig. 384.) 

Egg-shells, empty flasks, india-rubber or li^ht copper and brass balls, 
are suspended in the most singular manner inside an escaping jet of high- 
pressure steam ; and before the explanation of Earaday, reams of paper 
were used in the discussion of the possible theory to account for this 
•effect ; and what made the explanation still more difficult, was the fact 
that the jet of steam might be inclined at any angle between the hori- 
zontal and perpendicular, and stiU held the ball, egg-shell, or other 
apherical figure firmly in its vapory grasp. (Fig. 385.) 



^sSrf'-** 









Fig. S8S. A. Ball and aocket Jei at an angles and diflcharglng ateam. The eggndieDs 
are rapported \ti the enonnoiis oonent of air movfaig into the Jet in the direction of the 
arrows. 

In consequence of the great rush of air towards a jet of escaping 
high-pressure steam, Mr. Croldsmith Gumey has patented the applioftion 
of this principle in lus ventilating steam jet, which he has already suc- 
cessfully applied; in one case especially, where a coal-mine had been on 
fire for several jears, and the whole working of the coal-measures in the 
pit was jeopardized b;^ the spreading of the combustion to new workings ; 
the fire was first extinguished by carbonic add ^, pulled, as it were, 
into the coal-mine bj* a jet of steam blowing mto the doumcasiy but 
placed in connexion with a furnace of burning coke ; and the circulation 
of the carbonic acid« caUed choke-damp, through the pit workings was 
farther assisted by a jet of high-pressure steam blowing upwards, and 
placed over the mouth of the vpcasi shaft. 

The experiment succeeded perfectly at the South Sauchie Colliery, 
near AUoa, about seven miles from Sturling, where a fire had raged for 
about thiriky years over an area of twenty-six acres in the waste seam 
of coal nine feet thick. (Fig. 386.) 

For the ^eral purpose of ventilating the coalmine, Mr. Gurney'a 
plan was tned at the Ebbw Yale Colliery, and very economically, tne 
waste steam alone beiue used. Experiments have also been satisfac- 
torily made 'with it for mowing a cupola for smelting iron, and with dry 
steam — t. e., steam of a very high pressure-— escaping through a warm 
tube, the results were perfectly successfuL 

"^ith this digression from the subject of latent heat derived from 
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the compression of air, we retam again to the subject with another case 
in point, famished by the Fountain of Hiero, as it is called, at Schemnitz, 
in Hungary, described by Professor Brande ; and it may be obserred 
that all the phenomena related would apply to the great pressure of the 
water from the water-towers at the Crystal Palace, if fitted with a 
similar air-vessel. 

"A part of the machinery for working these mines is a perpendicular 
column of water 260 feet high (the Crystal Palace water-towers are 
each 284 feet high), which presses upon a quantity of air enclosed in a 
tight reservoir; the .air is consequently condensed to an enormous 
degree by this height of water, which is equal to between eight and 
nine atmospheres ; and when a pipe communicating with this reservoir 
of condensed air is suddenly opened, it rushes out with extreme velocity, 
instantlv expands, and in so aoing it absorbs so much heat as to preci- 
pitate the moisture it contains in a shower of snow, which may readUy 
06 gathered on a hat held in the blast. The force of this is so great, 
that the workman who holds the hat is obliged to lean his back against 
the wall to retain it in its position." 

The best examj^les of latent heat are furnished by ice, water, and 
steam, and we are mdebted chiefly to Dr. Black for the elegant and con- 
clusive experiments demonstrating the important truths connected with 
the latent heat of these thi^e conditions of matter. When various solids 
are heated, they frequently pass through certain intermediate conditions 
of softness, terminating m perfect liquidity; but ice and many other 
bodies change at once to the liquid stiate on the application of a suffi- 
cient quantity of heat. The process of melting ice is very slow^ because 
every portion must absorb or render latent a certain Quantity of heat 
before it can take the liquid state — Whence the difficulty of melting blocks 
of ice when they are surrounded with non-conducting materials; and 
this fact the author has proposed to take advantage of m keeping water 
cool which is to be suppiiea to the ova of salmon whilst taking tnem to 
stock the rivers of Australia. 

In order to prove that heat is rendered latent by the liquefaction of 
ice, it is only necessary to weigh a pound of finely-powdered ice and a 
pound of water at 212° Fahr. (boiling water), and mix them together ; 
when the ice is all melted, the resulting temperature is onlv 52*^, there- 
fore the boiling water luis lost 160° of temperature, of which 20^ can be 
accounted for, because the resulting temperature of the melted ice is 
52**; but in the liquefaction of the pound of ice, 140'' have disappeared 
or become latent, or, as Dr. Black termed it, have become combined. 

1 lb. of ice at 32* -f 20* = 52*, the resulting temperature. 
1 lb. of water at 212' - 52* = 160' - 20 = 140° rendered latent. 

140® represents the result obtained from innumerable experiments made 
by mixing equal parts of ice and boiling water, and it is this large quan- 
»ty of latent heat reouired by ice and snow that prevents their sudden 
i^^l^^&ction, and the aisastrgus circumstances that would arise from the 
ttoods that must otherwise always be produced. 
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To put the fact beyond all doubt, it is advisable to mix together equal 
weights of water at 32° and boiling water at 212°, and the result is 
found bj the thermometer to be the mean between the two, because 
half the extremes are always equal to the mean ; and if the two tempera- 
tures are added together and divided by two, the result is a temperature 
of 122° as shown below : — 

lib. of ice water at °32+llb. of water at 212°=244°-f-2=122° 

From similar experiments Dr. Black deduced the important truth, 
" that in all cases oi liquefaction a quantity of heat not indicated by^ or 
sensible to, the thermometer, is absorbed or disappears, and that this heat 
is tcithdraton from the surrounding bodies, leavmg them comparatively 
cold" At p. 79 it is shown how the sudden solution or liquefaction of 
certain salts produces cold, and hence numerous freezing mixtures have 
been devised. In olden times, when officials in authority did what they 
pleased, without being troubled with disagreeable returns, and colonels 
clothed their men, and were merchant taSors on the grand scale, gun 
cartridges were not confined to practice on the enemy, but they did outy 
frequently in the absence of ice as refrigerators of the officers' wine, in 
consequence of the gunpowder containing nitre or saltpetre ; as a mere 
solution of this salt finely powdered will lower the temperature of water 
from 50°Fah. to 35°; whilst a mixture of four ounces of carbonate of 
soda and four ounces of nitrate of ammonia dissolved in four ounces of 
water at 60°, will in three hours freeze ten ounces of water in a metallic 
Tessel immersed in the mixture during the liquefaction or solution of 
the salts. 

Fahrenheit imagined he had attained the lowest possible temperature 
by mixing ice and salt together, and it is by this means that confectioners 
usually freeze their ices, or ice puddings ; the materials are first incor- 
porated, and being placed in metallic vessels or moulds, and surrounded 
with ice and salt placed in alternate layers, and then well stirred with a 
stick, they soon solidify into the forms which are so amreeable, and so 
frequently presented at the tables of the opulent. Tne temperature 
obtained is Fahrenheit's zero — viz., thirty-two decrees below i\iQ freezing 
point of water. According to the very wise police regulation observed 
m London, all householders are required to sweep or remove the snow 
from the pavement in front of their houses, and this is frequently done 
with salt ; should an unfortunate shoeless beggar, tramn past whilst the 
sudden liquefaction is in progress, the effect on the soles of his feet is 
evidently very disagreeable, and the rapidity with which he retires 
from the zero affords a thermometric illustration of the most lively 
description. 

Heat the Cause of Vapour. 

Every liquid, when of the same degree of chemical purity, and under 
equal circumstances of atmospheric pressure, has one peculiar pomt o£ 
temperature at which it invariably boUs. Thus, ether boils at 96 Fabr ., 
and if some of this h%hly inflammable liquid is placed caref uUy m a 
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flask, by pouring it in with a funnel, and flame applied within one inch 
of the onfloe, no vapour escapes that will take fire ; but if the flame of 

a spirit lamp is applied, the 
ether soon boils, and if the 
lighted taper is a^ain 
brought near the mouth of 
the flask, the vapour takes 
fire, and produces a flame 
of about two feet in length* 
This fire only continues as 
lon£[ as the flame of the 
spint-lamp is retained at 
the bottom of the flask, and 
on removing it the vessel 
rapidly cools. The length 
of the flame is reduced, and 
is gradual^ extinguished 
for tne want of that essence 
of its vitality, as it were — 
viz., heat. (Fig. 387.) If 
a thermometer is introduced 
into the flask, however rapid 
may be the ebullition or 
boiling of the ether, it is 
found to be invariably at 




Fig. 387, UeatthecBueofTapoor, 



96^^ The heat carried off by evaporation is most elegantly displayed by 
placing a little water in a watch glass, and surrounded by charcoal 
saturated with sulphuric acid, in the vacuum of an air-pump. The rapid 
evaporation and condensation of the water by its imnity for the sul- 
phuric quickly produces ice ; and the pumps and other apparatus of 
Knight and Co., Foster-lime, City, are greatly to be recommended for 
this and other illustrations. 

The iQustration of the determination of the flxed and invariable 
boiHng point belon^ng to every liquid is further carried out by intro- 
ducing some water into a second fla^ standing above a lighted spirit- 
lamp, with a small thermometer, graduated, of course, proper!^ to d^;rees 
above the boiling point of water; when the water bous, it will be found 
to remain steadily at a temperature of 213^. And however rapidly the 
water may be boiled, provided there is ample room for the steam to 
escape, the heat indicated by the thermometer is like the law of the 
Meaes and Persians, which aitereth not, and it remains standing at the 
number 212^. The onlv exception (if it may be so termed) to this law- 
is brought about by tne shape and nature of the containing vessel ; 
under a mean pressure the boiling point of water in a metallic vessel is 
^nerally 212°; in a glass vessel it may rise as h%h as 214^ or 216^, but 
if some metallic filings are dropped in, the escape of steam is increased, 
and the temperature ma^r then (m>p immediately to 212°, 

When a thermometer is inserted in a flask containing water in a state 
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of ebullition or boiling, so that the bulb does not touch the fluid, but is 
wholly surrounded with steam, it will be found that the temperature of 
the latter is exactly the same as that of the former ; and if the liquid 
boils at 96°, the vapour will be Qd'', if at 212'', the steam is 212''. 
Steam has therefore exactly the same 
temperature as the boihng water 
that produces it. (Fig. 388.) 

Wnibt performing the last expe- 
riment, it may be noticed that the 
steam inside tne neck of the flask is 
inyisible, and that it only becomes 
apparent iu that kind of intermediate 
condition between the vaporous and 
liquid state caviled, vesicular vapour— ^ 
a state corresponding with the "earth 
fog," . and called dv Howard the 
siraius. When a flask containing 
boiling water is placed under the 
receiver of an air pump (as soon after 
the ebullition has ceased as may be 
possible), and the air pumped out, it 
will be noticed that the water again 
bcj^lins boiling as the vacuum is ob- 
tained, showin^^ that the boiling point 
of the same fluid varies under dif- 
ferent degrees of atmospheric pres- 
sure, and according to the heignt oi 
the barometer. 

Height of BoOing point 

iMurometer. of water. 

26 204-91'' 

26-5 .... 20579 

27 206-67 

27-5 .... 207-55 

28 208-43 




Fig. 388. Thermometer in the steaia 
escaping from boiling water. 



28-5 



209-31 



Height of 


BoOing point 


barometer. 


of water. 


29 , , . 


. , 210-19" 


29-5 , . 


. . 211-07 


30 , , , 


, . 212 


30-5 . , 


. . 212-88 


31 . . . 


. . 213-76 



Alcohol and ether confined under an exhausted receiver boil violently 
at the ordinary temperature of the atmosphere, and in general liquids 
boil with 124** less of heat than are required under a mean pressure of 
the air; water, therefore, in a vacuum must boil at 88* and alcohol at 49^ 

On ascending considerable heights, as to the tops of mountains, the 
boiling point of water gradually falls in the scale of the thermometer. 
Thus, on the summit of Mont Blanc water was found by Saussure to 
boil at 187'' Tahr, In Mr. Albert Smith's delightful narrative of his 
ascent of Mont Blanc, he mentions the violent commotion and escape of 
the whole of the champagne in froth directly the bottle was opened at 
the summit of this king of mountains. 
. Dr. Wollaston's instrument for measuring the heights of mountains 
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by the yariations of the boiling point of water has long been known and 
used for this purpose. 

If a Elorenoe flask is first fitted with a nice soft cork, and this latter re- 
moved, and the former half filled with water, which is then boiled over a gas 
or spirit flame, the same fact already mentioned and illustratdl in the pre- 
ceding table may be rendered apparent when the flask is corked ana re- 
moved from the heat. If it is now inverted, and cold water ponred over it, 
an ebullition immediately commences, because the cold water condenses 
the steam in the space above the hot water in the flask, and producing 

a vacuum, the water boils as 
readily as it would do luider 
an exnausted receiver on aa 
air-pump phite. (Fig. 389.) 

Water may be heated con- 
siderably h^her than 212'', if 
it is enclosed in a strong 
boiler, and shut off from 
communication with the air ; 
by this means steam of great 
pressure is obtained. 

Dr. Marcet has invented a 
ver3r instructive form of a 
miniature boiler, suppUcd with 
a thermometer and oarometric 
pressure eauge, which can be 
purchased at any of the in- 
strument makers, and is 
figured and described in 
nearly every work on che- 
mistry. 

The reason water boiled in 
an open vessel does not rise 
to a nigher temperature than 
212^ is because all the excess of heat is carried off by the steam, and 
is said to be rendered latent in the vapour. The fixation of caloric 
in water by its conversion into steam may be shown by the following 
experiment. Let a pound of water at 212° and eight pounds of iron 
filings at 300^ be suddenly mixed together. A large quantity of steam 
is instantly generated, but the temperature of the water and escaping 
steam are still only 212^ ; hence the steam must therefore contain all 
the degrees of heat between 212° and 300^, or eight times 88. When 
the water is heated in the hydro-electric machine or other boiler, to 
322•7^ it very quickly drops to 212° when the steam is allowed to blow 
off; yet if the latter is collected, it represents but a very small quantity 
of water which constituted the steam, and it has carried off and ren- 
dered latent the excess . of heat in the boiler— viz., the difference be- 
tween 212° and 3227^ or 1107" 
If. steam can carry off heat, of course it may be compelled, as it wer^ 




Fig. 889. The paradoxical experiment of water 
boiUng by the applicatloo of cold water. 
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to suTender it again ; and this important demeiitar; tmth is shown by 
adapting a tube, oent at right angles, and a cork, to a fissk containing 
a few oonces of vater, and when it boils, the steam issoing from the 

end of the pipe maj now be directed into and below the surface of some 
water contained in a beaker glass ; in a very short time the water in the 
latter will be raised to the boiling 
point bj the condensation of the 
steam ^ the latent faeat aiisii^ 
from it. rPig. 390.) The amoimt 
of latent heat is enormous, when 
it is remembered that water br 
conTeralon into steam has its bnle 
prodigiouslj enlarged — viz., 1698 
times, so that a cubic iKeh of 
water converted into steam of a 
temperature of 213°, with the ba- 
rometer at thirty inches, occupies 
a space of one cuiie/oot, and its 
latent heat amounts, according to 
Hall, to 950°; Southeron, 945°; 
Dr. Ure, 96r. When we come 

to the consideration of the steam- Tig. xa. x, tluk foi g«ii«iiiQiig ilsiiiii. 
engine, it will be noticed that the ^^}^jf^„^:^^£j^^iS!f^ l^i^l 
question of the latent heat of nia. 
"■" B of the greatest im- 
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The same wewht of steam contains, whatever may be its density, the 
some quantity of caloric, its latent heat being incre^ed in proportion as 
its sensible beat is diminished ; and the reverse. In consequence of the 
enonnODB amount of latent heat contained in steam, it is advsntageously 
employed for the purpose of imparting warmth either for heating rooms 
or drying goods in certain manufacturing processes. "Sib wet rag-pulp 
pressed and shaken into form on a wire-gauze frame or deekU, passes 
gradually to cylinders containing steam, and is thoroughly dried before the 
guillotine knife descends at the end of the paper machine, and cnta it into 
kngths. In calico stiffening and glazing, also in cSlico printing, steam- 
heated cylinders are of great value, because they impart heat witkout the 
chwice of setting the goods on fire. The elementaiy principles already de- 
scribed with reference to heat, will prepare the youthful reader for the 
application of the expansion of water into steam, as the most Taluable 
motive power ever employed to assist the labour of man. 
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CHAPTER TXTX, 

THI stEAK-EBGDiE — eotUimud. 



E'en ths iteni god tbat o'er the iravM praddu, 
S</e u ther pua, eod etfts repui (he tldoc. 
With ftarj bnma ; while careleeA tbejr convej, 
Fromlflcnoue, ev^ ffneat to ey'rj l*j." 



These lines, from Pope's transiation of the " Odyssey," were very 
aptly quoted twcnty-Ere years u;o by Mi. M. A. Alderson, in his treatise' 
on Uie stum-engiiiB, for tM(£ ke leceiTed from Dr. Birkbeol^ the 
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___„ cs' Imtitatiom, the priie of 30?., being the ^ of 

the London Ueduuiios' lostitution, and these lines seem to indicate 
some sort of rode imticipstion bj the ancients of that free passage of 
the ocean by the agencf of steam irbich bos Tendered ships umost 
independent of wind and weather. ''v?^^ « ^ ^"^'V 

Homer's description, aa above, of the PWman fleet of &vag Aleinooa, 
in the eighth book of the " Odjssey," b certainlj an ancient record of 
an idea, bnt nothing more. In a work vrritten b^ Hero of Aleiandris, 
' about a hundred jears B.C., and entitled " Spiritalia sen Pneomatica," a 
nnmber of contrivances are mentioned 
for raising liqnida and producing mo- 
tion bj means of air and steam, so 
that the first steam-enKine- is usuallj 
ascribed to Hero; and the annexed 
cut disphkja the apparatus. (Fig- 
392.) 

It is a remarkable circumstance 
that Sir Isaac Nevton applied the 
same principle in a little ball, mounted 
on «Qeels, containing boiling water, 
and provided with a small orifice; 
and in his description be sajs : " And 
if the ball be opened, the vapours will 
rush out Tiolently one waj, and the 
wheels and the ball at the same time 
will be cirried the contrary way," 
From the time of Hero, there does 
not appear to be anj record or men- 
tion made of steam apparatus till the 
year 1003, when, in a work called 

" Malmeebnrj's History," mention is pif , ggj^ Hno*! ttouo^igiLe. ±. tIm 
made of an organ in which the sounds bdier tn wlUi^ itouD ii producA^ md 
w™ p^no^ krlh. «a™ of .ir SSKStf ^^KSSS 
(□nerj, steam) by means of heated tbo two mMctoru. o o. The medoD of 

water. It is stranKe that, in these JJ)^™ "■" "■""'"' "* ' 

days of steam appucattoD, the Cal- tameotii 

Hope, or steam organ, should be an 

important feature at the present moment at the Crystal Palace; and 

it only shows how the same ideas are reproduced as novelties in tbe ever- 

recnrring cycles of years. 

On the revival of classical leatning thronghont Qotbic Ihirope, the 
work of Hero began to attract attention, and it was translated and printed 
in black letter, and most likely first from the Arabic chatacler, as in the 
year 1643 the first fruits appeared in Spain, where Blasco de Graray, a 
sea captain, propelled a ship of SOO tons burden, at tbe rate of three 
miles per hiior, before certain commissioners appointed bj the Emperor 
Charles the Fifth. Alas for inquisitorial Spun ! had she looked deeper 
into tbe matter, and performed her avfo-da-fiea on the boilers of stean;- 
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engines instead of the Ixxlies ofpoor human beings, what Listing glories 
would have been her reward. The invention made its d^but in Spain, 
the commissioners reported, the worthy inventor was rewarded, bat the 
mighty giant invoked was put to sleep again for at least 150 years. 
The steam giant was dbtorbed with dreams; one Mathias, in 1563, 
save him a nightmare ; Solomon de Cans, in 1624, nearly woke him up ; 
Giovanni Bianca, in 1639, did more ; and the Marquis of Worcester, in 
the middle of the seventeenth century, as the evil genius of Spain, 
carried off the giant bodily and made him the slave of England; at least, he 
experimented, and wrote such wondrous tales of his new motive power, 
that in 1653 we read of steam being fairly tethered to its work, and set 
to draw water out of the Thames at Vauxhall; and Cosmo de Medici, 
a forei£;ner who inspected the apparatus in 1653, says, "It raises water 
more than forty geometrical feet by the power of one man only, and in a 
very short space of time will draw up full vessels of water through a 
tulie or cluumel not more than a span in width, on which account it is 
considered to be of greater service to the public than the other machine 
near Somerset House, which last one was driven by two karses" 

What would the Marquis of Worcester and Uosmo de Medici have 
thought of Blasco de Garay on the ocean, and ruling 12,000 steam 
horses P Write the name of the brave and prudent Captain Harrison, in 
the ^d ship Great Ea$tem^ date 1859, instead of that of the gallant 
Spamard, and our brief history is finished. 

The ^t really useful steam-engine was made, not by a plain Mr., 
but again by a captain — namely. Captain Savery, who appears to have 
been the first inventor who thoroughly understood and applied the 
vacuum principle. (Fig. 393.) 

▲ A. The ftarnaees which oontidii fbe boiler, b 1 and B 2. Hie tiro iinplmcee. c. The 
ftmnel or chimi^ey, which ii common to both fbmaeee. In fheae two fhnutces are placed 
two TeeieU of copper, which I (SaTcry) call boUere— the one luge as at x^ the other amaU 
as D. D. The imall boiler contained in the fomaoe, which ii neated by the fire at b 8. 
B. The pipe and cock to admit cold water into the email boiler to fill it. b. The screw that 
eorere and oonflnee the cock b to the top of the email boiler. ». A email gaage cock at 
the tcm of a pipe, going within eight indies of the bottom of the small boiler, h. A large 
irfpe which goes the same depth Into the small boiler, z. A cUck or Talve at the top of 
the pipe K (openinff upwards), x. A pipe going flrom the box above the said daek or 
Talve m the gicat boiler, and passing about one inch into it. l l. The great boilo: con- 
tained in the other ftamaoe, which is neated by fire at b L x. The screw with the regOf 
lator, which is moved by uie liandle % and opens or sfants the apertures at which the 
eteam passes out of the great boiler at the steanippipes o o. v. A small gauge cock at tlie 
top of a pipe, which goes half way down into the great boil«r. o 1, o 2. Steam pipes, one 
end of each screwed to the regulator : the other ends to the reeelTers p p. to convey the steam 
from the great boiler into those recnTcra. p 1, p 8. Copper Tessels called reeeivers, wbich 
are to reeeive the water whidi is to be raised. «. Screw Jo&ts by whidi the branchee of 
the water-pipes are connected with the lower parts of the receiTcra. b 1, 2; 9^ and 4t. Valves 
or clacks of orass in the water-pipes, two above the branches q and two bebw them; tlier 
allow the water to pass upwanls through the pipes, but prevent its descent; there are 
acrew-pliws to take out on occasions to get at the valves b. s. The fordng-pump whidi 
conveys the water upwards to its place of oeUveir, when it is forced out firom uie rece i fer s 
by the impelled steam, t. The sncking-p^ which conveys the water up from the bottom 
of the pit to fill the receivers by suction, v. A square frame of wood, or a box, with h<dee 
round ite bottom in the water,, to endose the lower end of the sucking-pipe to keep awaj 
dirt and obstructlona. x is a cistem with a bung cock coming from the rorce-pipe^ so aan 
ahall alwv* be kept filled with cold water, t t. A cock and pipe coming firom the bottom 
of the said dstem, with a spout to let the cold run down on the outside ofdther of the re- 
edvers,p p. %. The handle of the regulator to move it by, dthar open or ihuL ao as to let 
the steam out of the great boibt into either of the xeodvaii 
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Fig. 383. Bivai^'i I 
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This is Savery's own description (taken from the " Miner's Eriend,** 
printed in 1702), of his water-engine, which differs from that suggested 
Dj the Marqnis of Worcester, in the fact that he made the pre u t ir e of the 
air carry the water up the first stage. Sayerj's patent was ''for raising 
water and occasioning motion to an sorts of mili-work by the impeUant 
force of fire;" and the patent was granted in the reign of King 
William the Third of glorious memory. 

Thus Savery overcame, as he remarks^ the *' oddest and almost 

Erable dimcidties," and introduced a steam apparatus or engine, a 
aany of which were constructed, and employed for raising water, 
echanical skill required to construct the boiler, the very ieari (as 
it were) of the iron engine, had not been acquired in the time of Captain 
Savery, and hence the weakness of the boilers, and the danger of woniiig 
them. As the pressure required was very considerable to overcome the 
resistance of a lofty column of water, these engines were gradually 
relinquished for those of another clever mechanician — ^viz^ for those i 
Thomas Newcomen, an ironmonger of Dartmouth, who, about the jear 
1705, constructed and introducea the ejflinder^ from which tiie transition 
was gradually made to the mode of condensing by a jet of cold water, 
the use of self-acting valves, and the construction of self-actii^ 
engines by Smeaton, Homblower, and finally by the illustrious Watt^ 
whose portrait heads the first chapter on Heat in this book. 

Newcomen was assisted in his work by one Cawley, a glazier; and 
their persevering labours were crowned with a successful result of the 
most memorable importance in the history of the steam-engine. 

In the engine by Savery, the operation of the steam was twofold-^ 
namely, by the direct pressure from its elasticity, and by the indirect 
consequence of its condensation, which affords a vacuum. This last 
may be said to be the only principle used by Newcomen, who employed 
a boiler for the generation of steam, and conveyed it by a pipe to the 
bottom of a hollow cylinder, open at the top, but provided with a solid 
piston, that moved up and down in it, and was rendered tight by a stuffing 
of hemp, like the piston of a boy's common squirt. B can readily be 
understood, that if the jet of the latter was connected with a tight httle 
boiler, and steam blown into it, that the piston of the squirt would rise 
to the top of the barrel in which it works, being thrust up by the 
pressure or force of the steam ; but unless the steam was cut off, and 
cold water applied to the interior of the barrel, the piston could not 
descend again. As soon, therefore, as Newcomen had thrust up the 
piston by the action of steam, he introduced a jet of cold water, sup- 
plied from an elevated cistern beneath the piston, when the steam was 
condensed into water, and a vacuum or void space obtained. The piston 
being free to move either up or down, was now forced in the latter 
direction by the pressure of the air, which is a constant force equal to 
fifteen pounds on the square inch ; and thus the piston in Newcomen's 
engine was raised by heat — viz., by steam, and thrust down hjeold-^ 
Le., by the condensation of the steam producing a vacuum. The void 
obtained in this manner was veiy considerable, because one dohvufooi of 
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Bkt&m. at 212^ condenses into one cubic inch of water. Tlie production 
of a yacuum with the aid of steam is quickly effected hj boilin^^ some 
water in a dean camphine can, and when the steam is issuing freely from 
the mouth of the latter it is then corked, and cold water thrown over the 
exterior. Directly the temperature is lowered, the steam inside the tin 
vessel is condensed suddenly into water, and avoid space being suddenly 
obtained, the whole pressure of a column of air of a breadth equal to 
the area of the vessel, and of a height of forty miles, is brought sud- 
denly down like a sledge-hanmier upon the sides of the tin vessel, and 
as they are not sufficiently strong to offer a proper resistance, they are 
crushed in like an egg-shell by tne giant weight which faUs upon them. 

The barometer, or measurer of the weight of the air, consists of a glass 
tube about thirty-three inches in length, nermetically sealed at one end, 
and containing mercuiy that has been carefully boiled within it, and 
being perfectly filled the tube is inserted in a cistern of clean mercury, 
when it gravitates to a height equal to the pressure of the air, leaving 
a space at the top called the torrioellian vacuum. As the atmospherio 
air decreases in density by admixture with invisible steam or vapour, any 
ffiven volume becomes specifically lighter : hence the column of mercury 
falls to a height of about twenty-eight inches ; whilst if the aqueous 
vapour diminishes, the weight of the air becomes greater, and the baro- 
meter may rise to a height of about thirty-one inches. 

Having thus secured a ''reciprocating motion^" T^ewcomen applied it 
to the working of a force-pump by the intervention of a great oeam or 
lever suspended on gudgeons (an iron pin on which a wheel or shaft of 
a machine turns) at the middle, and suspended like the beam of a pair 
of scales; and, in fact, he invented that method of supporting the 
beam which is in use to the present day. Supposing we compare 
Newcomen's beam to a scale beam, he attac|}ed to the extremities 
(instead of scale pans) a water pump and his steam cylinder— the latter 
being at one end, and the former at the other. The beam played at 
''see-saw :" by the primary action of the steam on the bottom of the 
piston in the cylinder it was pushed up at this end, and of course 
suffered an equal fall at the other, to which the pump piston was 
attached ; and when the motion was reversed by the condensation of the 
steam, down went the piston again by the pressure of the air, whilst 
that of the water pump was again raised, and being provided with 
proper valves, the water was pumped slowly out of the mine, although 
the steam power used was veiy moderate, and only just sufficient to 
counterpoise the weight of the atmosphere. Newcomen made the end 
attached to the water pump purposely heavier than the steam piston of 
the other end of the beam, and by this means the work of the steam, 
by its elasticity, was veir moderate, whilst the actual lift of the water 
from the mine was performed by the pressure of the air, equal (as 
already stated) to fifteen pounds on every square inch of the sunace of 
the steam piston. This engine is called the atmospheric engine, and in 
the next cut we have a picture taken from a photograph by the " Watt' 
Club" of the actual model of the Newcomen engine in the Hunterian 
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M Mef^/on^pou'/iiuMDifei^ belonging to the NatotalFhilosophjCUss 
in the DmTersity of Glasgow, made tie diteovay of a tefonUeeoiulaaa; 
which has ideutuSed his name with thst of the stesia-engme." (Kg. 391.) 

In Newcomen's engine, the opening and shutting of the cocks le- 
qoired the vigilant caie of a man or boj, and it is stated on good 
•nthorit; that a boj who preferred (like nearlj all other bojs) pligr to 
work, contrived, b; means of strings, a brick, and one or two catches tm 
the working beam, to make the engine self-actiog. 

His poor boy's ingenioos ooutrivance paved the way (ca the improred 
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methods of opening and shutting the Talyes, which were brought to a 
nreat state of perfection by Beiffhton, of Newcastle, about 1718. 
Between that time and the year 1763, we find honourable mention made 
of Smeaton iu connexion with the steam-engine, but the name of the 
great James Watt at this time began to be appreciated, and by a series 
of wonderfully simple mechanisms, he at last perfected the machine 
whose oriffin could be traced back not only to the time of Blasco de 
Craray, iu 1543, but even to the days of the ancient mechanicians, such 
as Hero, who Hved 130 b.c. 

In 1763, James Watt was a maker of mathematical instruments in 
Glasgow, and his attention was drawn to the subject of the steam- 
engine by his undertaking to repair a working moael of Newcomen's 
steam-engine, which was used by Professor Auderson, who then filled 
the Chair of Natural Philosophy, and subsequently founded the Ander- 
sonian Institution. The repairs rec|uired for this model induced Watt 
to make another, and by watching its operation, he discovered that a 
vast quantity of heat, ana therefore fuel, was wasted in the constant and 
successive heating and cooling of the steam cylinder. About two years 
after, when Watt was twenty-nine years of age, he had made so manj 
experiments, that he was enabled to put into a mechanical shape his 
original ideas, which are embodied in his patent of 1769, as follows :— > 

" My method of lessenmg the consumption of steam, and consequently 
fdel, in fire-engines, consist of the follomng principles : 

" First : That vessel in which the powers of steam are to be employed 
to work the engine, which is called tne cylinder in common fire-engines, 
and which I call the steam-vessel, must, during the whole time the 
engine is at work, be kepi as hot as the steam that enters it — ^first, by 
enclosing it in a case of wood or any other materials that transmit heat 
slowly ; secondly, by surrounding it with steam or other heated bodies ; 
and thirdly, by suffering neither water nor any other substance colder 
than steam to enter or touch it during that time. 

" Secondly : In engines that are to be worked wholly or partially by 
condensation of steam, the steam is to be condensed in vessels distinct 
from the steam-vessels or cylinders, although occasionally communi- 
cating with them ; these vessels I call condensers; and whilst the engines 
are working, these condensers ought at least to be kept as cold as the 
air in the neighbourhood of the engine, by application of water or other 
cold bodies. 

"Thirdly: Whatever air or other elastic vapour is not condensed hj 
the cold 01 the condenser, and may impede the working of the engine, is 
to be drawn out of the steam-vessels or condensers by means of pumps 
wrought bv the engines themselves, or otherwise. 

" Fourthly : I intend in many cases to employ the expansive force of 
steam to press on the pistons, or whatever may be used instead of 
them, in the same manner as the pressure of the atmosphere is now 
employed iu common fire-engines. In cases where cold water cannot be 
had m plenty, the engines may be wrought by this force of steam only, 
by discharging the steam into the open air after it has done its office. 

" Lastly : Instead of using water to render the piston or other parts 
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of the engines air and steam-tight, I employ oUs, wax, resinoiis bodies^ 
fat of animab, quicksilver, and other metals in their fluid state. 

''And the said James Watt, by a memorandum added to the said 
specification, decbired that he did not intend that anything in the fourth 
article should be understood to extend to any engine when the water to 
be raised enters the steam-vessel itself, or any vessel having an open 
communication with it." 

"About the time he obtained his patent. Watt commenced the con- 
struction of his first real engine, the cylinder of which was eighteen 
iuches in diameter, and after many impediments in the details of the 
work he succeeded in bringing it to considerable perfection. The bad 
borine of the cylinder, am the difficulty of obtaining a substance that 
would keep the piston ti^t without enormous friction, and at the same 
time resist the action of steam, ^ve him the most trouble, and the em- 
ployment of a piston rod movmg through a stuffing-box was a new 
feature in steam-engines at that time, and required great nicety of 
workmanship to make it effectuaL Wliile Watt was contending witii 
these difficulties, Boebuck's finances became disarranged, and in 177S 
he disposed of his interest in the patent to Mr. Boulton, of Soho. 
As, however, a considerable part of the term of fourteen years, for 
which the patent was granted, nad already passed away, and as several 
vears more would probably ehipse before the improved engines could be 
brought into operation, it was judged expedient to apply to Parliament 
for a prolongation of the term, and an Act was passed in 1775 granting 
an extension of twenty-five years from that date, in oonsidenition <3 
the great merit of the invention." (Bourne's "Treatise on the Steam- 
engine.") 

In Fig. 395 (p. 427) we give an illustration of a low-pressure oon- 
densinc engine and boUer of eight-horse power, constructed on the prin- 
ciple of Boulton and Watt, as the latter nad fortunately united his skill, 
learning, originality, and experience with Mr. Boulton, of Soho, near 
Birmingham, whose metal manufactoiy was already the most celebrated 
in England. 

Dunng the explanation of this eight horse-power cmgine, the oppor- 
tunity may be taken to discuss occasionally the special improvements 
effected by Watt. The steam-pipe a convevs the steam generated in 
the boiler b to the slide-valve c, which is xept dose to the surface, 
against which it works by the pressure of the steam. 

Here we notice some of the valuable improvements of Watt in the 
admission of steam above as well as below the piston, by which he 
increased the power of his engine, and no longer confined it to the force 
of the atmospheric pressure. It is also necessair to remark the beanti- 
fttlly simple mechanism of the slide-valve, hj wnich steam is admitted 
alt^ateiy above and below the piston. Want of space prevents us 
tracing out the gradual improvements effected by Watt, and therefore 
we take his invention as it stood in the year 1780, and refer our readers 
to Bourne's "Treatise on the Steam-engine" for the full and minute 
particulars of the improvements to that date. 
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At that time it occurred 
to Watt that the ecndet^ 
sation of the steam from 
the cylinder after it had 
done its work, might be 
made more perfect if a 
perfetual vacuum was 
mamtained beneath the 
piston, while an alternate 
steam-pressure and vacii^ 
um were produced aboye 
it. (F^. 396.) 

Instead of obtaining a 
specific advantage the 
contrary occurrra, and 
Watt was obliged in this 
case to return to the 
ponderous Newcomen 
counterweight to balance 
the difference in the va* 
cuum above and below 
the piston, consequently 
this form of the cylinder 
and valves was abandoned. 
The juvenile reader will 
perceive in the above 
drawing that the superior 
arrangement of Wattes 
cylinder to that of New- 
comen arises from the 
steam operating above 
and below the piston, 
and that the piston 

^Pig.3?6. «.,istheoylind«r. ..Thepfaton. a.The '^J"'^}'' Tfj^H '"^ % 

•team-pipe. h. The regrulatingr or throttle valve. «. The ^^W-^ ^^^ ^ tue top 01 

ednction and equflibnum single valve, performing the the Cylinder. A most im- 

ninctionsofboth. e.Thenpper, and /the under, port- ^^^.l^. ;«.«wx— w.«^* ;^ 

holee. by which paaaages oiUilhe steam can enter^ POrtant miprovemcnt m 

pass away. d,y. g. The eduction-pipe by which the steam the employment of steam 

E?*^.°[^" *^^® *^® P"*®^ during every returning o« « motive nower has 

rtroketotheconden8er.»perpetualeihlu8tion>)eingmain. f* * mouve power nas 

tinned beneath it."— From BoimKB <m €ke Steom^gine. oe^T^^ aiSOOVerecl m tbe 

, ^ ,, . mode of using it "expan- 

sively/* by which the steam, at a pressure say of sixty pounds on the 
square inch, is admitted below the piston, and then cut off and allowed to 
expand and drive up the latter without the expenditure of any more 
fuel, and leaving, after lifting the piston to a height say of three feet, 
an average or mean power of thirty pounds on the square inch. 

Beturninff to the eight-horse condensing engine,D is the steam cylinder 
surrounded by a case to prevent the steam cooling and to maintain in the 
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cylinder the same, or nearly the same, iemperature as that of the steam 

in the boiler, according to the condition of Art* I. of Watt's Patent^ 

quoted at p. 425 of this 

book. The same outer 

case is apparent around the 

cylinder in Fig. 396 ; e, the 

piston, which, by stuffing 

with hemp or other proper 

material, fits the interior of 

the cylinder in the most 

accurate manner, and pre* 

▼ents the escape of steam 

by its sides : e is the piston 

rod attached to the parallel 

motion. This clocKwork- 

like piece of mechanism has 

often been quoted as one of 

the masterpieces of Watt» 

and in its greatest perfection 

is called the complete parallel 

motion, and may be found 

in all the best land beam 

steam-engines. The object 

of the parallel motion is to 

cause tne piston and pump 

rods to move always in 

straight lines, never aeviat- 

ing to either side. (Fig. 397.) 

In the eight horse-power engine shown in page picture, e is also 
attached to the piston e, which moves the beam f, and the other end 
of this beam, by the connecting rody, gives motion to the heavy fly wheel 
6, by means of the crank h, 

H is an eccentric circle on the axle of the fly wheel g, it gives motion 
to the slide valve, which admits the steam altematdy above and below 
the piston. The slide valve and its seat are contained within an oblong 
box or case, laree enough to pennit the easy motion of the valve within. 



lig. 397. 4 B is half tbe beam, 4 being fhe main 
eentre. b b. The main links connecting the piston- 
rod V with the end of the beam, o d. The air-pnmp 
links, from Uie centre of which the air-pump rod is 
suspended, o d and b d produce the paralleliBm, 
because o d is moveable only round the fixed centre 
o, whilst B D is not onlv moyeable round the centre 
x>, but the centre itself in the arc described by c d, 
and by this action b d corrects the distorting in- 
fltraice of its own radius. The dotted lines and 
letters above enable the observer to see the effect of 
the movement of the beun on the parallel motion. 



it, and usually rorming an enlai^ment in the course of a pipe. 

The valve rod by means of which the valve is opened and shut,, 
passes out through a stuffing box ; or, instead of such a rod, a valve 



of moderate size often has a nut fixed to it, within which works 
a screw on the end of an axle which passes out through a bush, and 
has shoulders within and without to prevent it from moving lon- 
{[itudinally, and a square on the outer end on which the key fits that 
18 used in turning it. i is the throttle valve inside the steam pipe and 
lever connected with a governor for regulating the admission of steam 
into the cylinder. 

Here, ag[ain, we pause in the description of our eight horse-power 
engine to illustrate more particularly this admirable contrivance ol 



430 



Wy^8 PLA.TB0OK 01* SGISErGB. 



Watt, which remains to the present day without any material alteratioi^ 
even in the best steam-engines. (Fig. 398.) 




^ 




r I 



FIff. 808. A. The seat of the throttle ralve. s. The ralre itself torning on a spindle, 
whi^ psMes thiongh its centre, a is Uie steam pipe. «. Tlie throtOe Talre lever on 
which the rod h, proceeding from the goremor, acts, b d. The spindle of the goremor 
rerolYing bj a belt acting on the pulley d, nm. The balls hmig on the ends of vm arms, 
whleh cross each other at « like a pair of scissors. When b Bis set in motion, the balls flj 
oat by oentxiftigal motion, and in doing so draw down the collar into which the krer t 
works by means of the links/jk. When v is depressed, of coarse h rises^ and tJto rtibre % ia 
partly euMMd, and the supply of steam redaoed. 

In ^e eight-horse engine already partly explained, k is the cylinder 
of an air-pump to remove any air, and the water which condenses the 
steam, from the condenser l. There is also the eduction pipe, which 
conducts the steam from the cylinder to the condenser L. o is the 
pump that supplies cold water to the cistern s, in which the condenser 
and air-pump stand, p is a rod connected with the injection cock for 
admitting a jet of water into the condenser from the dstem, and which 
is continually flowing during the working of the engine, q Q, cast-iron 
columns, four of which support the principal parts of the en^e. 

We now come to the boiler of the steam-engine, which is of course 
of almost equal importance with the engine itself; and the one in our 
nage-picture is a good type of one of the favourite boilers used by 
Messrs. Boulton and Watt, and is called the '' Wagon boiler." The 
boiler is made of wrought-iron plates rivetted to^eUier, and properly 
strengthened where necessary; and the steam-pipe ▲ conveys the 
steam to the engine. It may be remarked here that the cylindrical 
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boiler-*<X)nsistinff of two cylinders, one vithin the other, of which the 
former contains the fire, whilst the fornace-draught circulates outside the 
latter, and the space between the two cylinders being filled with water — 
is the form of boiler which is most hignlj approyed of, and is employed 
in the famous economical steam-engines of the Cornish mines. 

As the water eyaporates in the form of steam, the boiler must be con- 
tinualljr supplied with fresh water, which comes (as will be noticed by 
inspecting the page picture) from the hoi well s, by means of the hoi- 
water pump r, attached to the beam f. The water is pumped to the top 
of a column rising aboye but connected with the boiler. There is a 
cylindrical float, inside the column of water, connected with the boiler, 
suspended oyer a pulley by a chain passing to the damper of the furnace. 
The damper and float balance each other, and when the water in the 
boiler rises to too high a temperature, it causes the float to rise in the 
column of water, wmch lowering the damper or shutter that stops the 
draught of the chimney of the furnace t, diminishes the intensity of the 
heat, and reduces the formation of steam. On the other hand, as the 
temperature diminishes^ the float descends and the damper rises, and 
permitting more air to rush to the burning fuel in the fire, a greater 
quantity of steam is generated. 

There is likewise a stone float inside the boiler, for regulating the 
supply of water by the feed pipe, or column of water, which latter must 
always be sufficiently lofty to press with greater force than the steam 
produced in the boiler, or else the power of the steam might, under cer- 
tain circumstances, eject or blow out the water from the top of the 
column. The stone is suspended b;^ a brass wire which works through 
a stuffing box, and is connected with a leyer, to which is attached a 
heayy counterpoise, so adjusted that when the stone is immersed to a cer- 
tain depth in water ^according to the principle of a solid body losing weight 
in a fluid, explained in the turtide on specific grayity, page 48), it shall 
exactly balance the latter, but when the water sinks in tne boiler, and 
the stone is no longer surrounded with water, it becomes heayier, and 
sinking down opens a conical plug, ground so as to fit water* tight into 
a hole m the bottom of the column of water or feed pipe, and directly 
the plug opens, water rushes into the boiler; being cut off a^ain as 
the stone rises when immersed or surrounded with the proper height of 
water. Unless our juyenile readers refer to the article on specific 
grayity, they will not understand the otherwise seeming anoma^ of a 
itonenoai, 

A large hole, called the man-hole, coyered with an iron plate and 
secnreljr fastened with screws, is proyided for the purpose of allowing 
the engineer to enter the boiler, when cold, for the purpose of clearing 
out the incrustation and dirt arising from the water. To preyent the 
incrustation of Ume and other earthy matters, it is sometimes usual, on 
the principle " ihat prevention is beiier than cure" to put a large log of 
"logwooa* inside the boiler, as it is found that the colouring matter 
curiously preyents the earthy matter, so well known as the " fur" in 
iron " tea-kettles/' sticking to the sides of the boiler. Sal ammoniac 
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and other salts also ha^e the same property, hut neither are much nsed, 
the mechanical labour of chipping out the boiler and stopping its work 
for a day or so, being preferred to the preventUm plan already 
described. 

There is also a yalFC opening inwards to prevent the consequences of 
a sudden condensation in the boiler, and also a safety Talve and lever 
with weights opening outwards, and allowing the steam to escape whea 
it reaches a dangerous excess, and in order to look as it were at the 
state of the pressure inside the iron boiler, a proper steam gauge is pro- 
vided, also two cocks — ^viz., a water and steam cock, to enable the en- 
gineer to ascertain if the water is up to, and does not exceed, the 
proper height, because when turned, supposing that all is going on pro- 
perly, the former, No.^, should eject water, tne latter. No. 8, steam. 

It is truly wonderful, considering the number of safeguards and 
warnings provided, that accidents ever happen to boilers, but the 
statistics of deaths and annual destruction of property show that science 
is powerless, nay, absolutely dangerous, when handled by ignorant and 
careless persons. The great fl^-wheel, which is usually such an awe- 
inspiring and marvellous exhibition of strength in an engme of any great 
power, IS employed for the purpose of storing up force, so that if an^ 
parts of the eneme work indifferently (they all work with resistance), it 
shall equab'ze the wants of the whole, and by its inertia it will continue 
to move until its motion is stopped by a resistance equal to its mo- 
mentum. 

In starting an engine, the en£pneer may sometimes be observed la- 
bouring to move the "fly-wheel, and when once he succeeds in ^tting' 
it to move, the resistance of the other parts of the machinery is soon 
overcome. Mr. Alderson, in his prize essay, remarks that "it is in the 
propertv which the steam-engine possesses of regulating itself, and pro-, 
vidmg ror all its wants, that the great beauty ot the invention consists. 
It has been said that nothing made by the hand of man approaches so' 
near to animal life. Heat is the principle of its movement ; there is in 
its tubes circulation, like that of the blood in the veins of animals, 
having valves which open and shut in proper periods ; it feeds itself, 
evacuates such portions of its food as are useless, and draws from its 
own labours all that is necessary to its own subsistance. To this may 
be added, that they are now regulated so as not to exceed the assigned 
speed, and thus do animals in a state of nature. That the safety valves, 
like the pores of perspiration, open to permit the escape of superfluous ' 
heat in the form of steam. The steam gan^, as a pulse to the boiler, 
indicates the heat and pressure of the steama within; and the motion of the 
piston represents the action and the power of which it is capable. The 
motion of the fluids in the boiler represents the expanding and collapsing ' 
of the heart ; the fluid that goes to it by one cnannel is drawn off by 
another, in part to be returned when condensed by the cold, similar to. 
the operation of veins and arteries. Animals require long and frequent 
periods of relaxation from fatigue, and any great accummation of their ' 
power is not obtadned without great expense and inconvenienoe. The' 
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wind is uncertain ; and water, the constancy of whicb is in few places 
equal to the wants of the machinist, can seldom be obtained on the spot 
where other circumstances require machines to be erected. To relieve 
us from all these difficulties, the last century has given us the steam- 
em^ine for a resource, the power of which may be increased to infini- 
tude : it requires but little room ; it may be erected in all places, and 
its mighty services are always at our command, whether in winter or 
summer, by day or by night, on land or water ; it knows no intermission 
but what our wishes dictate." 

The high-preamire steam-engine appears to have been first brought 
into general use bjr Trevethic and Vivian, although the primary notion 
of sudi a modification of the Newcomen or water-engines did not ori- 
ginate with them. As the name implies, the steam is brought to a 
much higher temperature and pressure than is required in the con- 
densing engines oi Boulton and Watt. It consisted, in the first place, 
of a cylinder open at the top, and provided with a piston. To save 
heat the cylinder was fixed inside the boiler, and was provided with a 
two-way cock worked by a crank, for the purpose of supplying and 
cutting off the steam. The downward stroke was produced by the 
atmosphere, and the steam having done its work, was simply blown away 
and wasted in the air. 

The engine was provided with a fly-wheel, to which the piston-rod 
was at once attached, producing a continuous rotatory movement 
without the assistance of the heavier parallel motion, or hot and cold 
water pumps. 

This form of engine was soon adopted for pumping work — such as 
that of draining fens ; and in 1804 Mr. Eichard Trevethic used it for 
propelling the first carriage on the Merthyr Tjdvil rail or tram way, 
ana it was then speedily adopted in all the coal districts where the levels 
were moderate. Stephenson the elder, succeeded by the late lamented 
Eobert Stephenson, loUowed with inventions and improvements of the 
locomotive steam-engine ; and we are told in " Once a Week" that, 

" One of those best qualified to speak to the latter's contributions to 
the development of the locomotive engine, states that from about five 
years from his return from America^ Eobert Stephenson's attention was 
chieflv directed to its improvement. ' None but those who accompanied 
him during the period in his incessant experiments can form an idea of 
the amazing metamorphosis which the machine underwent in it. The 
most elementary principles of the application of heat, of the mode of 
calculating the stxengtn of cylindrical and other boilers, of the strength 
of rivetting and of staying flat portions of the boilers, were then far 
from being understood, and each step in the improvement of the engine 
had to be confirmed by the most careful experiments before the brimant 
results of the Socket and Planet engines (the latter being the type of 
the existing modem locomotive) could be arrived at/ 

*' Stephenson's time was not, however, so fully taken up during the 
above interval as to preclude attention to his other civil engineering 
business, and he executed within it the Leicester and Swanoington, 
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TVliitbj and Pickering, Canterbnir and Whitstable, and Newton and 
Warrington Ilailways ; while he also erected an extensive manofactoij 
for locomotives at Newton, in Lancashire, in partnership with the 
Messrs. Tayleur. About the middle of the above period, also, the first 
surreys ana estimates for the London and Birmingham Bailwav were 
framed, leading eventually te the obtaining of the Act. Then followed 
the execution of that line, and here Bobert Stephenson had an oppor- 
tunity of showing his ereat talent for the management of works on a large ' 
scale. This was the nrst railway of any magnitude executed under l£e 
contract system ; perfect sets of plans and specifications (which have 
since served as a type for nearly all the subsequent lines) were prepared 
-^no small matter for a series of works extending over 112 miles, 
involving tunnels and other works of a then unprecedented magnitude. 

" Many other railwavs in England and abroad were executed by him 
in rapid succession; the Midland, BlackwaU, Northern and Eastern, 
Norfolk, Chester and Holyhead, together with numerous branch lines, 
were executed in this country by him ; and among railways abroad maj 
be enumerated as works either executed by him or recommended in lus 
capacity of a consulting engineer, the system of lines in Belgium, Italy; 
Norway, and Egypt, and in France, Holland, D-mark, Inma, Canada^ 
and New ZealanoL 

** Bobert Stephenson first saw the light in the village of Willington, 
at a cottage which his father occupied after his marriage with^fiss 
Fannj Henderson — a marriage contracted on the strengu of his first 
appointment as "breaksman to the engine employed for lifting the 
ballast brought by the return collier ships to Newcastle. Here Bobert 
was bom on the 17th of November, 1803. As the cottage looked out 
upon a tramway, the eyes of the child were naturally familiarized from 
infancy with sights and scenes most nearly connected with his future 
profession.'' 

In locomotive steam-engine boilers, the principal object is to generate 
steam with the greatest rapidity ; hence the boiler consists of two parts 
-^viz., a square box containing the fire, and around which a thin stratum 
of water circulates, whilst the draught for the fire rushes through a 
number of copper tubes placed in the second or cylindrical part of the 
boiler. By tne use of these tubes an immense surface of water is 
exposed to the action of the fire, and the steam is not only generated 
with amazing rapidity, but is also maintained at a very high pressure. 

Within the last few years " superheated steam" has been favourably 
mentioned, and employed economicaliy for driving certain engines. 
The principle consists m first generating steam, and then passing it 
through coils of strong wrought-iron pipe, by which it acquires addi- 
tional heat, and we luive therefore combined in steam the ordinaiy 
principle of evaporation of water with the heated-air principle of 
Stirlii^, described at p. 367. We give a drawing of Sootf s patent 
generator and su][>erheated steain engine. (Ei^. 399.) 

The apparatus is used as follows : — ^A fire is made in tiie furnace, and 
flo soon as a pyrometer connected with that indicates about 800 d^reess. 



a little water ia pumped into the coils bj hand, whicli is imqiediatelT 
converted into steam. The donkey engine is then started, whicn 



Fig. 390, Scotf ■ puteot gmenlor, oi aew iirnu aid alam. 

maintains the neoessary feed of sir and vatcr. The generator prodncet 
a copious Bopplj of eUstio mixed gaaeons vipour, at a pressure of 
S50 pounds on the square inch ; and it is slated that tliis ensine worbi 
satiafactori];, and is started in the incrediblj short time of from three 
to five minutes, so that for marine enginea in war Tesaels, eipecting to 
to be ordered out suddenly, no fnef need be burnt till the moment 
required. 

Experiments with superheated steam have slread; been tried most 
Bnccessfullv on board the Peninsular and Oriental Companj'a ship the 
Faleila, wlierebj it is stated that a saving of thict; per cent, in fuel 
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18 obtained. The eng^ to whidi the saperiieated steam was adi^ited 
was oonstracted by Fenn and Sons^ and the vessel attained a spera. of 
nearly sixteen knots per hour, and under the most adverse circnm- 
stances had an abundance of steam to spare. 

" A most important experimental improvement in steam machinery 
was on Thursday last tried for the first time down the river, on board 
the Peninsular and Oriental Companv's ship, the VaUtta. The actual 
nature of the improvement may oe described in a few words as con- 
sisting of a simple apparatus for worldnf marine engines by means of 
superheated steam ; but it is not too mucm to say that in the success or 
failure of this experiment are involved results so important as to affect 
materially all ocean-going steamers, and, indeed, steam machinery of aU 
kinds. To be able to work machinery with superheated steam, means to 
command increased power with a thirty per cent, reduction in the con- 
sumption of fueL A principle which can effect such important changes 
in the universal application of steam has not remained undiscovered to 
the present day. The want of superheated steam has long been felt; 
and the enormous comparative advantages of working engines on sucb 
a plan have long been Imown. A simple and effective working of the 
prmciple, however, has been an engineering difficulty which various ex- 
pedients--al], however, suffidentljf successful to show the value of the 
improvement— -have failed to obviate entirely. This obstacle has now, 
we believe, been effectually overcome by Mr. JPenn, and the value of the 
improvement so clearly demonstrated, that the general application of 
the principle to steam machinery of every kind may now be regarded as 
certain. 

" The idea of working engines by superheated steam, and the immense 
saving of fuel and increase of power it would effect, was, we believe, 
first started many years ago by Mr. Howard, and subsequenUy by Dr. 
Haycraft. The difficulties, however, in the way of its adoption at that 
time, and the undue estimate of the importance oS. the principle, pre- 
vented those gentlemen from realizing very great practical results. At 
a later period the matter was again ta&en up oy an American engineer — 
Mr. Weatherhead — ^who, however, only superheated a portion of jjie 
steam and mixed it with common steam in its way to the cylinders, llie 
success which attended even this partial application of the process again 
revived the idea^ and encouraged other engineers to turn their attention 
to the subject. The result of these renewed efforts is that several 
methods of securing the great economy to be effected by supeiiieatiiig 
the steam are now under trial, and there is no doubt tnat a most im- 
portant step in the progress of steam, especially as applied to ocean 
navigation, is now at last on the point of being successfully accom- 
plished. 

" The value of the improvement on the score of economy in working 
mavbebest illustrated by a single fact — ^namely, that the Peninsular 
and Oriental Company's bill for coal annually amounts to the enormous 
sum of 700,000/., and that by working their vessels with superheated 
steam properly applied, it is become ahnost certain that, wiwout any 
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detriment to the machinery, from 28 to 30 per cent, of this gigantic 
ontlaj can be saved As to the yarioos proposed methods of super- 
heating steam, it may be briefly explained, that the conditions required 
to be fulfilled are perfect simplicity of arrangement with ready control 
oyer the apparatus ; that it snoula be so placed as not to be liable to 
accidental mjury in the engine-room ; and that the heat employed for 
superheating the steam should be waste heat which has already done its 
duty in the Doilers and is passing away. 

" All these conditions haye been most satisfEictorily fulfilled by Mr. 
Penn in the new engines on board the Faletta, which were tried down 
the Thames for the first time on Thursday. The Faletta, as our readers 
may remember, was for many ye ars the mail-boat between Marseilles, 
Malta» and Constantinople. While thus employed, she liad Fenn's 
engines of ^0 horse-power, and to work these up to an ayerage speed 
of 15 miles an hour required a consumption of fuel of from 70 to 75 
tons of coal per day. At no time was it less than from 45 to 55 tons. 
These engines haye now been removed to a vessel nearly double the 
tonnage of the Faletta, and the latter fitted with engines by Mr. Penn 
on the superheating principle. We may mention that, oesides this 
alteration, the Faletta has oeen considerably improved. A poop and 
forecastle have been added, increased accommodation given to passengers, 
and the whole vessel fitted up in the richest style. The saloon is one 
of the simplest and handsomest things of the kmd we have seen, suffi- 
ciently lofty and capacious, and above all, admirably ventilated on the 
system which is now being adopted on all sea-going steamers, and the 
merit of devising which belongs to Mr. Bobinson, of the Peninsular and 
Oriental Company. 

"To return, however, to the engines. Mr. Penn, at the repeated 
request of Mr. Allen, the Managing Director of the Peninsular and 
Onental Company, undertook to apply to them the principle of super- 
heating, to which his attention haa many years before been seriously 
directed by Dr. Haycraft. His method of doing this is to place in the 
smoke-box of the boiler, through which the hot air from the furnace 
first passes, as large a number of small PJpes as is consistent with 
allowing a free draught from the furnaces. Through these all the steam 
from the boilers passes in its way to the cylinders. By this plan an 
immense heating surface in the pipes is secured, the steam is in a 
subdivided form, so as to be readily acted on, and the waste heat from 
the furnace is utilized at the point where its intensity is greatest, and 
where the greatest conveniences exist for applying the apparatus. By 
means of three ordinary stop-valves, the whole contnvance can be 
shut in or off from the engines at pleasure. In ordinary engines steam 
leaves the boilers at about 250^ but declines from this temperature in 
its way to the engines to 230°, undergoing from condensation a still 
greater and more serious diminution of heat in the cylinders. From 
tnese causes, and also from the immense quantity of waste heat which 
escapes through the smoke-box and up the funnels, there has always 
been a theoretical loss of steam power amounting to forty per cent.« as 
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compared with the ooal consumecL It is this loss of power and waste 
of heat which the superheatiiig process is intended to prevent^ and 
which will, oi oonrse, lUlow a rrauction of &om twenty-eight to thir^ 
per cent, on the fuel now consumed. Bj the superheating process the 
steam is raised in passing along the pipes in the smoke-box Twhere the 
heat is about 650°) from a temperature of 2SQ9 to 350°, ana so enters 
the cylinders at 100° in excess of the temperature due to its pressure. 
This extra heat is, of course, rapidly communicated to the metals, and 
pievents the condensation in the cylmders or other parts of the engines, 
which would otherwise, of course, take place. Singularly enoioigh, a 
smaller amount of cold water is required to condense the steam at this 
high temperature of 350° than when at the ordinaiy heat of oommon 
steraiL 

*' The trial trip of the Valetta on Thursday was most satisfactory, not 
only as regards the engines^ but still more so as to the application for 
the superheating process. At the measured mile at the Lower Hope, 
near the Nore, the result of repeated runs gave an average speed of 
nearly 14^ knots per hour, thus realizing with engines of 260 horse- 
power, and a small consumption of fuel, the same rate of speed as had 
been gained with her previous engines of 400 horse-power, and a con- 
sumption of seventy-five tons of coals per dajf. The superheating 
apparatus evidently effected a most important saving in fuel, but untU 
an average of many days' working can be obtained, it would be difficult 
to estimate the exact amount economized. There seems, however, eyerj 
reason to believe that an average of fourteen knots an hour can hie 
obtained with a consumption of only from twenty-four to twenty-six 
tons per diem. The thermometer during the trial indicated in the steam, 
pipes an addition to the ordinary temperature of 100°, which Mr. Pom 
Delieves to be enough for all practical purposes of superheating. Even 
when making from thirty-three to thirty-four revolutions per minute, 
and driving the vessel against a strong head wind and tide, it was 
impossible to consume all the steam generated, which was blowing off 
from both boilers all the trip. The endues are remarkable for the 
extraordinaiT beauty and simpucity of their proportions, qualities well 
known in all engines from Penn and Sons, and which, combined with 
the strength of the materials and perfection of the workmanship, make 
this firm the foremost in the wond for machinery of this description. 
Both cylinders are oscillating; of sixty-two inches diameter, and with a 
stroke of four feet six inches. The paddles are on the feathering 
principle, and the boilers of Lamb and Co.'s patent. During the whole 
course of the trials, and when going at one time nearly sixteen knots, 
there was no perceptible vibration, even, at the end of the saloon nearest 
to the engines. When it is remembered that the superheating process 
which can effect such important results is capable, as we have said, of 
application to steam machinery of every kind, including even loco- 
motives, it cannot be doubted that the tnal of Thursday and its great 
success is one of the most important events for the progress of steam 
which we have had to chronicle for many years." {The Times, April 23rd 
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Whilst speaking of the application of this somewhat novel condition 
of steam, it may be observed that many inventors, who have paid little 
or no attention io first principles, have proposed to apply the vapours of 
^cohol, ether, or turpentine, instead of that of water ; and they have 
founded their notions on the idea that in consequence of the less latent 
And sensible heat of alcohol, ether, and turpentine vapour, and of the 
small quantity of fuel required to boil them, that they would compete 
advantageously with steam. This view of the case, however, is soon 
proved to be a very shortsighted one, because the amount of expansion 
has been quite overlooked ; and if it was desirable, by way of com- 
parison, to produce a cubic foot of steam, alcohol, ether, or turpentine, 
the steam would stand first for cheapness, and would require tne least 
quantity of fuel to produce it, so that if the more expensive of com- 
bustible liquids could be obtained for nothing, it would still be cheaper 
io employ water. 

Iiatent hest} of 
equivalent for AieL 

A cubic foot of water yields 1700 cubic feet of steam • = 1000' 

A cubic foot of fdcohol produces 493 cubic feet=457*. 

Then, by rule of proportion, 493 cubic inches : 457 

♦ :: 1700 :....;; : • • • 1575* 

A cubic foot of ether yields only 212 cubic feet of 

vapour=312% and 212 : 312'' :: 1700 : . . . . . 2500** 
A cubic foot of the oil of turpentine affords 192 cubic 

feetofvapour=183%aad 192: 183:: 1700:. . . 1620' 

It will therefore be seen that water, when converted into steam, 
^expands eight times as much as sulphuric ether, and nearly three times 
and a half as much as alcohol. 

The application of steam for the purpose of propelling vessels has 
^already been motioned in connexion with the SpanjsD inventor, Blasco 
de Garay, in I3i^'ye^'ld43; The first patent in this kingdom granted 
for that ptirpbise was' thit; pf IjfTr. JonatJ^JBtn Hull in 1773. In 1787, 
Mr. Miller tri^d a number of impbrtkiit ek!perint^nt$'itt the propulsion 
of vessels by steam-engines, and it would appear that Lord CuUen 
advocated his ideas, and end^voured to secure the co-operation of the 
great firm of Boulton and Watt, who, occupied with their land engines^ 
eould not pay attention to it; and twenty vears elapsed after the reply 
of Watt to Lord Cullen's application, before the real novelty appeared 
of a first successful experiment with a steam-boat in "the open sea," 
by Henry Bell, in 1811. A picture of this boat, called the Comet, which 
was afterwards wrecked, is shown at p. 418. Henry Bell's novelty was 
success, and he is fairly entitled to the merit of first introducing steam 
navigation into Europe. 

In 1811, the pubUc stared with mingled astonishment and satisfaction 
at the reaUzation of that which was called a fable. Only forW-seven 
years afterwards another generation spontaneously exhibits the Hveliest 
interest in the gigantic private speculation of the Great Eastern. Henry 
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Bell's tcskI of 1811 wu 40 feet keel, 10 feet 6 indea beun, and 
25 ttms burtben ! The Great EatUr* o! 1S59 u 693 feet long, 83 feet 
wide, 60 feet deep, and 84,000 tons bnrUiea ! ! The whole ution with 
one T<Hce wish her God speed in ba projected Tojage acroas the 
Atlantic^ la tiie embodiment of that great KoodwiU which ereiTgBtenHis- 
beaited Riigli«limMi feels tovaids toe enliriiteiied fiee-bmi people of 
the Unit^tates. 

Sbonld the aatbor's little Tessel, with its humble fie^t of science, 
meet with the ^profaatioD of his good Mends, the ban and their 
adnaen, another aai another, H baSth permits, shall be launched for 
that benefit. Fale. 



